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ABSTRACT 
Obesity rates have reached epidemic proportions contributing to the majority of 
Americans experiencing a state of chronic inflammation. Associations between inflammation, 
oxidative stress, and increased disease risk contribute to detrimental consequences of obesity. 
Regulation of inflammation and oxidative stress is possible via antioxidants consumed through a 
diet adequate in fruits and vegetables but consumption among adults is poor. Previous studies 
have assessed the impact of fruit, vegetable, and antioxidant consumption on oxidative stress and 
inflammation among healthy individuals. However, no studies have examined effects of 
education and fruit and vegetable consumption on markers of oxidative stress, inflammation, and 
other chronic disease biomarkers in a single study of overweight and obese adults. The purposes 
of this study were to examine effects of nutrition education and fruit and vegetable consumption 
on: interest and knowledge related to antioxidants; consumption patterns; weight, body mass 
index (BMI), body composition, blood lipids, and blood glucose; and biomarkers of oxidative 
stress and inflammation. Fifty-four adults (19 men/35 women; age 44.7±12.1 y; BMI 33.2±7.7 
kg/m
2
) were randomly assigned to one of three intervention groups. The control group received 
no intervention, the education group attended weekly nutrition lessons, and the fruit and 
vegetable group attended weekly nutrition lessons and received one serving of fruits and two 
servings of vegetables per day for 10 weeks. Fruit and vegetable-related knowledge, attitudes, 
and behaviors were assessed using questionnaires. Fruit, vegetable, and antioxidant consumption 
was assessed using semi-quantitative food frequency questionnaires and three-day food records 
and anthropometric measurements and fasting blood draws were conducted. Results indicated 
improvements in fruit and vegetable-related knowledge, attitudes, and behaviors and increased 
consumption of antioxidant-rich fruits and vegetables following nutrition education. Associations 
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existed between increased fruit and vegetable consumption and improvements in LDL 
cholesterol. However, minimal associations between changes in consumption of fruits, 
vegetables, and antioxidants and biomarkers of inflammation and oxidative stress were indicated. 
In order to be effective, nutrition intervention programs need to thoroughly address participants‟ 
fruit and vegetable-related knowledge and attitudes, provide exposure to fruits and vegetables, 
and promote adequate consumption of antioxidant-rich fruits and vegetables while concurrently 
emphasizing management of overall energy intake. 
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INTRODUCTION 
Obesity is a multifactorial condition that affects both males and females of all ages and 
races. Rates of obesity have reached epidemic proportions in the United States (Centers for 
Disease Control and Prevention [CDC], 2009, December 7; CDC, 2010, September 1), 
contributing to the majority of Americans experiencing a state of chronic inflammation (Camhi, 
Stefanick, Ridker, & Young, 2010; Nguyen, Lane, Smith, & Nguyen, 2009; Stienstra, Duval, 
Muller, & Kersten, 2007; Vieira et al., 2009). Associations between inflammation, oxidative 
stress, and increased risk of developing numerous diseases hasten Americans‟ efforts to continue 
on the path towards wellness. Inflammation and oxidative stress have been shown to be both 
promoted and inhibited by common treatments for obesity (Ji, Gomez-Cabrera, & Vina, 2009; 
Lavoie et al., 2010; Nguyen et al., 2009; Sureda et al., 2008; Tauler et al., 2006). 
Evidence indicates that antioxidant systems in the body are in part responsible for 
regulating oxidative stress and subsequent inflammation. However, in order to function properly, 
adequate concentrations of antioxidants must be present (Carlsen et al., 2010; Cilla et al., 2009; 
Dilis & Trichopoulou, 2010; Jones & DeLong, 2000). Evidence suggests that a balanced diet, 
including antioxidant-rich fruits and vegetables, is beneficial in helping individuals maintain 
adequate antioxidant concentrations in order to aid in the prevention and regulation of oxidative 
stress (Chun et al., 2010; Gropper, Smith, & Groff, 2005; Quadir & Akhtar-Danesh, 2010). 
Unfortunately, few Americans currently consume the recommended servings of fruits and 
vegetables (CDC, 2010, September 10; U.S. Department of Health and Human Services, 2010). 
This has spurred an increase in research to identify determinants of fruit and vegetable 
consumption, including knowledge, perceptions, convenience, and exposure (Chapman, 2010; 
Guillaumie, Godin, and Vezina-Im, 2010; Haleem, Barton, Borges, Crozier, & Anderson, 2008; 
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Kidd & Peters, 2010; Powell, Kazlauskaite, Shima, & Appelhans, 2010; Wang & Coups, 2010; 
Wenrich, Brown, Miller-Day, Kelley, & Lengerich, 2010), and associations between fruit and 
vegetable consumption and inflammation (Hermsdorff, Zulet, Puchau, & Martinez, 2010; 
Polidori et al., 2009; Talegawkar et al., 2009).  
Problem Statement 
Previous studies have assessed fruit and vegetable consumption, the influence of 
educational interventions on fruit and vegetable consumption, antioxidant consumption, role of 
antioxidants in oxidative stress, and the correlation between fruit and vegetable consumption and 
inflammation in healthy individuals. However, no studies to date have examined the effects of 
education and fruit and vegetable consumption on markers of oxidative stress, inflammation, and 
other chronic disease biomarkers in a single study of overweight and obese adults.  
Purpose Statement 
The purposes of this study were to examine the effects of nutrition education and fruit 
and vegetable consumption on: (1) interest and knowledge related to antioxidants; (2) 
consumption patterns; (3) weight, body mass index (BMI), body composition, blood lipids, and 
blood glucose; and (4) biomarkers of oxidative stress and inflammation. 
Definition of Terms 
 Obesity: “abnormal or excessive fat accumulation that may impair health” (World Health 
Organization, 2011); “ranges of weight that are greater than what is generally considered 
healthy for a given height” (CDC, 2010, June 21); a body mass index of 30 or higher.  
 Inflammation: “a localized response of increased blood flow, increased capillary 
permeability, influx of neutrophils and macrophages, and secretion of cytokines” 
(Dishman, Washburn, & Heath, 2004, p. 284). 
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 Cytokines: non-antibody proteins secreted by inflammatory white blood cells and 
adipocytes (Dishman et al., 2004; Federico et al., 2010); common inflammatory 
cytokines include interleukin-6 and tumor necrosis factor-alpha (Dishman et al., 2004). 
 Oxidative stress: state experienced by the body when oxidants predominate over 
antioxidants (Jones & DeLong, 2000; Murray, 2003); causes include diet, metabolism, 
and environmental factors; is associated with declines in optimum bodily function 
(Buico, Cassino, Ravera, Betta, & Osella, 2009; Polidori et al., 2009).  
 Antioxidant: molecules capable of reducing oxidants, thus maintaining the proper 
oxidation-reduction state of the cell (Jones & DeLong, 2000); include enzymatic and 
non-enzymatic forms. 
 Body mass index (BMI): calculated using the metric system by dividing an individual‟s 
weight by his or her height squared; correlated with body fatness (CDC, 2009, October 
20).  
 C-Reactive Protein (CRP): produced in the liver; marker of low-grade inflammation; 
influences several inflammatory responses (Dishman et al., 2004). 
 Tumor Necrosis Factor-alpha (TNF-α): inflammatory cytokine (Dishman et al., 2004). 
 Thiobarbituric Acid Reactive Substances (TBARS): plasma concentrations are an index 
of lipid peroxidation and oxidative stress. 
 Enzyme-linked Immunosorbent Assay (ELISA): biochemical technique used to detect the 
presence of an antibody or antigen. 
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Research Questions 
Interest 
1. Are participants interested in receiving information about antioxidants? 
Knowledge 
2. Are participants knowledgeable about antioxidants? 
Consumption 
3. How does information about antioxidant properties and content of fruits and vegetables 
with or without provision of fruits and vegetables influence participants‟ consumption of 
fruits and vegetables? 
4. How does information about antioxidant properties and content of fruits and vegetables 
with and without provision of fruits and vegetables influence BMI and body composition 
in participants? 
5. Do changes in fruit and vegetable consumption significantly change antioxidant 
consumption? 
6. Do changes in fruit and vegetable consumption significantly change markers of 
inflammation (CRP, TNF-α)? 
7. Do changes in fruit and vegetable consumption significantly change BMI and body 
composition in participants?  
8. Do changes in fruit and vegetable consumption significantly change blood lipid (total 
cholesterol, high density lipoprotein, low density lipoprotein, triglycerides) and glucose 
concentrations? 
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Hypotheses 
Interest 
1. Over 50% of participants in the education and fruit and vegetable groups will indicate 
interest in antioxidant information.  
Knowledge 
2. Among the education and fruit and vegetable groups, there will be a significant increase 
in the number of participants who correctly answer knowledge-based questions about 
antioxidants from pre- to post-intervention periods.  
Consumption 
3. There will be no significant changes in fruit, vegetable, or antioxidant consumption in 
control group and education group participants from pre- to post-intervention periods.  
4. There will be a significant increase in fruit, vegetable, and antioxidant consumption in 
fruit and vegetable group participants from pre- to post-intervention periods.  
5. There will be no significant changes in BMI and body composition in control, education, 
or fruit and vegetable group participants from pre- to post-intervention periods. 
6. There will be significant changes in total cholesterol in fruit and vegetable group 
participants from pre- to post-intervention periods.  
7. There will be no significant decreases in markers of inflammation in control and 
education group participants from pre- to post-intervention periods. 
8. There will be significant decreases in markers of inflammation in fruit and vegetable 
group participants from pre- to post-intervention periods. 
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LITERATURE REVIEW 
Obesity 
According to the World Health Organization (2011) obesity is defined as “abnormal or 
excessive fat accumulation that may impair health”. The Centers for Disease Control and 
Prevention (CDC) (2010, June 21) define obesity as “ranges of weight that are greater than what 
is generally considered healthy for a given height” and those weight ranges that have been 
identified as increasing the likelihood of an individual developing certain diseases and health 
problems. These general definitions identify obesity as impairing the health and wellness of an 
individual.  
In addition to general definitions of obesity, there are categorical definitions, which 
specify how individuals are categorized in terms of weight. The categorical definition of obesity 
varies between children and adults because of differences in physiological development that 
occurs during childhood and adolescence. However, all definitions are based on body mass index 
(BMI), which is calculated using the metric system by dividing an individual‟s weight by his or 
her height squared. BMI is used because it is an easy measure to obtain and is known to correlate 
with body fatness (CDC, 2009, October 20). The BMI categories for children are based on BMI-
for-age and include less than 5
th
 percentile, 5
th
 to less than 85
th
 percentile, 85
th
 to less than 95
th
 
percentile, and greater than 95
th
 percentile. In adults, the categories include a BMI less than 18.5, 
18.5 to 24.9, 25 to 29.9 and greater than or equal to 30 kg/m
2
. Each category is assigned a title 
that reflects the weight status. These include underweight, normal weight, overweight, and 
obese. In children and teenagers ages 2 to 19 years, obesity is defined as “a BMI at or above the 
95
th
 percentile for children of the same age and sex”. Alternatively, obesity for individuals over 
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the age of 19 years is defined as “a BMI of 30 or higher” (CDC, 2010, June 21). It is these 
definitions that are used to classify individuals in the United States as obese.  
As of 2010, a total of 36 states in the U.S. had prevalence of obesity greater than or equal 
to 25% (CDC, 2011, July 21). In fact, only Colorado and the District of Columbia had 
prevalence below 20% (CDC, 2010, September 1). People of all ages, races, and sexes 
experience obesity (CDC, 2009, December 7). Results of the 2007-2008 National Health and 
Nutrition Examination Survey (NHANES) indicated that approximately 16.9% of children and 
adolescents are obese (Ogden & Carroll, 2010) while the CDC (2010, August 3) reported that 
26.7% of U.S. adults are currently obese.  
While obesity does not discriminate, certain factors can increase an individual‟s risk of 
becoming obese. These factors include genetics, socioeconomic status, sex, age, and ethnic 
background. Overweight is more common in working-class groups compared to the wealthy. 
Likewise, there are more obese women than men but in both sexes, weight increases with age. In 
the U.S., obesity is more common among black Americans than white Americans (CDC, 2009, 
December 7). 
While a single cause of obesity has not yet been identified, many factors have been 
associated with increased risk of developing obesity. These factors span the multiple dimensions 
of wellness and are typically grouped into three categories: behavioral, environmental, and 
genetic (CDC, 2009, December 7; Wang & Coups, 2010). Behavioral factors include dietary 
intake and physical activity, while environmental factors include proximity of grocery stores, 
technology, and access to parks. In fact, the term „obesogenic environment‟ has been developed 
to recognize that the environment significantly influences an individual‟s chance of developing 
obesity (Teague, Mackenzie, & Rosenthal, 2009).  
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Genetic factors related to obesity are still relatively controversial but scientific evidence 
has demonstrated some instances where genes have played a direct role in the development of 
obesity. Syndromes like Prader-Willi and Bardet-Beidl both have been recognized as having a 
direct genetic component (CDC, 2009, December 7). Other genetic factors believed to contribute 
to obesity include the hormones leptin and ghrelin. Leptin is a hormone produced by adipocytes 
(fat cells) and plays a role in appetite suppression. It has been shown that an increase in leptin is 
associated with an increase in adipocytes, leading to a reduction in appetite and an increase in 
energy expenditure (Teague et al., 2009; Whitney, Cataldo, & Rolfes, 2002). Preliminary 
research on leptin has indicated that obese individuals may have an insensitivity or resistance to 
leptin (Whitney et al., 2002) although this mechanism is still being explored. The antagonist 
hormone to leptin is ghrelin, which is produced in the stomach and serves to increase appetite. In 
addition, more than a dozen other hormones have been identified as taking part in appetite and 
energy expenditure with complex interactions that are not yet fully understood (Teague et al., 
2009).  
In addition to factors that are believed to contribute to obesity, researchers have focused 
on the health consequences of the condition. Obesity is associated with numerous health 
conditions and diseases, including coronary heart disease, type 2 diabetes mellitus, various 
cancers, hypertension, dyslipidemia, stroke, sleep apnea, osteoarthritis, and reproductive 
problems (CDC, 2009, August 19; National Heart, Lung, and Blood Institute, 2011). In fact, 
more than 85% of people diagnosed with type 2 diabetes mellitus are overweight at time of 
diagnosis. Similarly, obese individuals are more likely to develop hypertension and 
hyperlipidemia, which increase the risk of myocardial infarction and stroke (National Institute of 
Diabetes and Digestive and Kidney Diseases (NIDDK), 2007).  
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Inflammation 
An underlying mechanism believed to contribute to the detrimental health outcomes of 
obesity is the inflammatory process (Dowd, Zajacova, & Aiello, 2010). Excess body fat, 
particularly abdominal fat, has been associated with increased inflammation in the blood vessels 
and other tissues of the body leading to disease (NIDDK, 2007). Hyperlipidemia, hypertension, 
diabetes mellitus, and heart disease all have inflammatory features. According to Dishman, 
Washburn, and Heath (2004), inflammation is defined as “a localized response of increased 
blood flow, increased capillary permeability, influx of neutrophils and macrophages, and 
secretion of cytokines” (p. 284). Neutrophils and macrophages are phagocytic cells that function 
as part of innate immunity, providing defense against infectious agents and development of 
cancer. Cytokines are non-antibody proteins secreted by inflammatory white blood cells 
(Dishman et al., 2004) and adipocytes (Federico et al., 2010).  
Cytokines act as intercellular mediators during the inflammatory process (Dishman et al., 
2004; Federico et al., 2010). Some cytokines promote the gene expression of adhesion molecules 
while others can bind with membrane receptors and activate specific enzymes that generate 
reactive species (Ji, Gomez-Cabrera, & Vina, 2009). Specific cytokines commonly referred to as 
the inflammatory cytokines include interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-
8), interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNF-α) (Dishman et al., 2004).  
C-reactive protein (CRP) is another identified marker of low-grade inflammation. It is 
produced in the liver and is commonly used as a marker of inflammation because it is easy to 
measure, has a long half-life, and influences several inflammatory responses (Dishman et al., 
2004). CRP concentrations rise quickly after infection or injury, usually within 24 to 72 hours 
(Dowd et al., 2010). Like elevated concentrations of inflammatory cytokines, elevated 
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concentrations of CRP have been associated with increased adiposity in both children (Dowd et 
al., 2010; Parrett et al., 2010) and adults (Lavoie et al., 2010).  
Oxidative Stress 
During inflammation, cytokines contribute to increased concentrations of reactive species 
in the body (Basu, Rhone, & Lyons, 2010; Hubbard, O‟Mahony, Calver, & Woodhouse, 2008; 
Soory, 2009). Reactive species, or free radicals, exist in two forms depending on their 
composition. Those that contain nitrogen are referred to as reactive nitrogen species while those 
that contain oxygen are called reactive oxygen species, or oxidants (Gropper, Smith, & Groff, 
2005). During oxidative reactions, electrons are transferred from one molecule to another. If 
receiving an even number of electrons, the recipient molecule will remain stable. However, if an 
uneven number of electrons are transferred, the recipient molecule is left with one or more 
unpaired electrons (Gropper et al., 2005). This unequal pairing of electrons causes the molecule 
to be unstable and thus, is termed an oxidant (Jones & DeLong, 2000). Examples of powerful 
oxidants include superoxide (O
2
-), hydrogen peroxide (H2O2), peroxyl radicals (ROO∙), singlet 
oxygen (
1
O2), and hydroxyl radicals (OH∙) (Buico, Cassino, Ravera, Betta, & Osella, 2009; Jones 
& DeLong, 2000; Murray, 2003).  
Oxidants are produced in blood cells and most other cells of the body throughout 
metabolism (Gropper et al., 2005; Murray, 2003). They can be formed from any electron 
transport system that includes oxygen as an electron acceptor (Jones & DeLong, 2000). Although 
generation of oxidants is a normal component of oxidative metabolism, lapses in the defense 
systems of the body can result in an improper oxidant: antioxidant balance. When oxidants 
predominate over antioxidants, the body is said to be experiencing “oxidative stress” (Jones & 
DeLong, 2000; Murray, 2003). While a minimal amount of oxidative stress is necessary to 
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maintain the integrity of biological systems, massive or prolonged amounts of oxidative stress 
can be detrimental (Ji et al., 2009; Kusano & Ferrari, 2008). Oxidants and other free radicals are 
able to react with molecules in the body, including proteins, nucleic acids, and lipids, causing an 
alteration of their structure with resulting tissue damage (Murray, 2003; Vertuani, Angusti, & 
Manfredini, 2004). 
The diseases and conditions associated with obesity are often associated with an 
accumulation of oxidative stress (Jones & DeLong, 2000; Murray, 2003). Diet, metabolism, and 
environmental factors such as pollution and exposure to radiation, can induce formation of free 
radicals, leading to oxidative stress. Oxidative stress can result in a wide range of detrimental 
consequences depending on the type of oxidant present and the type of tissue affected. Some 
potential consequences include mutations of deoxyribonucleic acid (DNA) or loss of enzyme 
function (Jones & DeLong, 2000). This damage can be the cause or effect of a disease or a 
number of diseases but either way contributes to a general decline in optimum bodily function 
(Buico et al., 2009; Polidori et al., 2009).  
Human beings are equipped with mechanisms in order to control oxidants in the body 
(Buico et al., 2009). These mechanisms by which the body defends itself from oxidative damage 
are referred to as antioxidant systems. These systems serve to reduce free radicals and thus 
maintain the oxidation-reduction state of the cell (Jones & DeLong, 2000). Defense against 
oxidants involves both enzymatic and non-enzymatic reactions as well as enzymatic and non-
enzymatic antioxidants. Enzymatic antioxidants include superoxide dismutase, glutathione 
peroxidase, glutathione reductase, and catalase. These enzymes reduce the production of reactive 
oxygen species and protect against oxidative damage. Non-enzymatic antioxidants include 
vitamins, minerals, and those derived from plants (Cilla et al., 2009). Proper functioning of 
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antioxidant systems is necessary in order to regulate the amount of damage to the body caused by 
free radicals.    
Obesity and Inflammation 
Energy not expended through activity or metabolism is primarily stored in adipose tissue. 
Increased storage of excess energy in adipocytes during obesity development is believed to result 
in chronic disruption of metabolic homeostasis (Nguyen, Lane, Smith, & Nguyen, 2009), which 
results in an accumulation of reactive oxygen species in adipose tissue (Viera et al., 2009). 
Elevated concentrations of reactive oxygen species in adipose tissue serve to activate nuclear 
factor-kB (NF-kB1), which controls the transcription of DNA (Ferrante Jr., 2007; Rankin & 
Turpyn, 2007; Stienstra, Duval, Muller, & Kersten, 2007). In addition, reactive oxygen species in 
adipose tissue lead to an influx of macrophages in adipose tissue that secrete proinflammatory 
cytokines, including TNF-α  and IL-6 (Cottam et al., 2004; Federico et al., 2010; Marinou, 
Tousoulis, Antonopoulos, Stefanadi, & Stefanadis, 2009; Stienstra et al., 2007; Vieira et al., 
2009). The inflammatory process is perpetuated by IL-6 and TNF-α inducing release of CRP 
from the liver (Camhi, Stefanick, Ridker, & Young, 2010; Cottam et al., 2004; Nguyen et al., 
2009). The increased concentration of inflammatory cytokines and CRP result in a state of 
chronic, obesity-induced, low-grade inflammation. 
Obesity-induced inflammation is associated with detrimental health outcomes, most 
notably insulin resistance and atherosclerosis (Stienstra et al., 2007). Obesity-induced insulin 
resistance has been linked to the continuous activation of nuclear transcription factors such as 
NF-kB1 (Stienstra et al., 2007) by cytokines released from adipose tissue (Ferrante Jr., 2007). 
Similarly, elevated CRP concentrations seen in obesity are associated with increased 
inflammation in coronary arteries (Nguyen et al., 2009) and mechanisms regulated by IL-6 and 
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TNF-α that lead to decreases in serum HDL cholesterol and increases in triglycerides. Both these 
consequences are known to increase the risk of atherosclerosis and CVD (Cottam et al., 2004), 
making obesity both a disease in itself and a risk factor for other diseases. Attenuating 
inflammation in adipose tissue through treatment of obesity may serve to modify metabolic 
disturbances and reduce risk of diseases associated with obesity (Vieira et al., 2009). 
Treatment for Obesity: Physical Activity 
 While treatment for obesity is multidimensional and may include counseling, 
pharmacotherapy, and even surgery, two options that encompass both treatment and prevention 
of obesity include physical activity and diet, which are behavioral factors associated with 
obesity. The underlying mechanism of both physical activity and diet is energy balance. Either a 
reduction in the amount of energy consumed through diet or an increase in the amount of energy 
expended through physical activity can contribute to weight loss.  
Methods for increasing energy expenditure include increasing the basal metabolic rate 
(BMR), the energy spent through muscular work, the thermic effect of food digestion, or the 
thermic effect of exercise (Dishman et al., 2004). Evidence exists to support the idea that 
exercise has two major acute effects on energy expenditure. The first effect is that energy 
expenditure during exercise can be increased anywhere between 2 and 20 times that of BMR 
with the amount of increased energy expenditure being dependent on the duration and intensity 
of the exercise performed. The second effect of exercise on energy expenditure is that energy 
expenditure does not immediately return to preexercise levels when exercise ends. Therefore, an 
individual can expend an increased amount of energy for a brief period of time even after he or 
she stops exercising. This increased energy expenditure can contribute to weight loss (Dishman 
et al., 2004).  
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Very few prospective cohort studies that have examined associations between physical 
activity and obesity currently exist. Those that do include the Finnish Cohort, NHANES I 
Follow-up Study, The CARDIA Study, U.S. Male Health Professionals, and the Aerobics Center 
Longitudinal Study (ACLS). In the Finnish Cohort study, 12,669 participants were studied for an 
average of five and a half years. Authors assessed predictors of weight gain and found that the 
obesity prevalence was inversely associated with participants‟ level of education and physical 
activity (Dishman et al., 2004). Similar findings were seen in both the NHANES I Follow-Up 
Study and The CARDIA Study. Results of NHANES I Follow-Up Study indicated a strong 
association between low physical activity or decreased physical fitness level and significant 
weight gain. Finally, in a study of how habitual physical activity, television watching, smoking 
and diet impact changes in weight, authors of the U.S. Male Health Professionals found that the 
prevalence of obesity among middle-aged men was lowest among those who maintained a high 
level of vigorous activity compared to men who were sedentary (Dishman et al., 2004).  
In a case-control study of possible associations among purposeful physical activity, 
android body fat distribution, and steroid hormones, Kumar, Riccardi, Cantor, Dalton, and Allen 
(2005) followed 218 participants for a period of 36 months. They found that physical activity 
index was significantly higher in controls compared to cases. In addition, significantly higher 
weight, BMI, and waist to hip ratios were seen in case compared to control participants. Kumar 
et al. (2005) concluded that purposeful physical activity limited weight gain and reduced upper 
body fat distribution.  
In another study, Field, Haines, Rosner, and Willett (2010) investigated the association 
between specific weight-control strategies and subsequent weight change during adolescence and 
young adulthood. Participants included 4,480 females from the Growing Up Today Study 
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(GUTS), which included children of women participating in the Nurses‟ Health Study II (NHS 
II). Findings revealed that the most popular weight loss strategies included not eating snacks, 
following low-fat or low-energy diets, and limiting portion sizes. In addition to making dietary 
changes for weight control, 48% of adolescent females reported exercising at least weekly, and 
14% reported exercising five or more days per week. Results indicated that none of the dietary 
weight-control strategies were significantly associated with weight change. However, the use of 
exercise to control weight was predictive of less weight gain. More specifically, females who 
engaged in exercise five or more days per week gained 0.9 kilograms less than the less active 
participants (Field et al., 2010).    
 The issue of determining the most effective means of losing weight is pertinent 
considering the increasing prevalence of obesity in the U.S. While studies that included the 
American College of Sports Medicine guidelines for physical activity found some success in 
participants losing weight, the magnitude of weight loss was not substantial. Despite this, the 
consensus among many researchers is that physical activity is the single best predictor of success 
in maintenance of weight loss (Dishman et al., 2004).  
Role of Physical Activity in the Inflammatory Process 
 Physical activity has been associated with both weight loss and reduced concentrations of 
low-grade inflammatory markers. Physical activity has been observed to be inversely associated 
with serum CRP concentrations in prepubescent children (Parrett et al., 2010) and overweight 
and obese women (Lavoie et al., 2010), suggesting that regular physical activity may help reduce 
chronic systemic inflammation in overweight and obese individuals. However, it is unclear if the 
decreased CRP concentrations are a result of physical activity or weight loss associated with 
physical activity. Serum CRP concentrations are higher in obese compared to normal weight 
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(BMI <25.0 kg/m
2
) individuals. CRP concentrations in individuals with a BMI greater than or 
equal 40.0 kg/m
2
 have been shown to be 14 times higher than those of normal weight 
individuals, with subsequent decreases in CRP concentrations associated with lower BMI 
categories (Nguyen et al., 2009).  
Despite the potential positive influences of habitual physical activity on markers of low-
grade inflammation, exercise has been shown to contribute to oxidative stress in the body. 
During exercise, muscle fibers are damaged due to the physical force exerted and the lengthening 
contraction. This damage results in acute inflammation and the production of reactive oxygen 
and nitrogen species. The presence of reactive species stimulate gene expression of inflammatory 
cytokines, including TNF-α, IL-1, and IL-6, from immune cells and damaged muscle tissues (Ji 
et al., 2009). Research on the effects of acute exercise on the inflammatory cytokines revealed 
that blood concentrations of IL-1 are unchanged from resting concentrations immediately after 
exercise but are elevated two to three hours after exercise. Possible mechanisms underlying these 
changes include the natural circadian variations of IL-1 throughout the day, delayed synthesis of 
cytokines due to exercise, or alterations in transfer of IL-1 between tissues and blood. In 
addition, concentrations of IL-1 have been shown to be elevated immediately after and up to five 
days following heavy resistance exercise (Dishman et al., 2004).  
Another inflammatory cytokine known to be affected by acute exercise is interleukin-6 
(IL-6). According to Dishman et al. (2004), acute exercise has been shown to increase blood 
concentrations of IL-6 up to 100 times higher than normal concentrations. However, this is 
dependent on intensity, duration, type of exercise, and type of muscle contraction performed. 
These elevations in blood concentrations of IL-6 are believed to promote secretion of additional 
inflammatory cytokines (Dishman et al., 2004).  
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Unlike IL-1 and IL-6, research studies examining the effects of exercise on TNF-α have 
consistently found no substantial changes during and after exercise. Slightly higher increases in 
TNF-α in the blood have been seen following long duration exercises but these were not 
sustained. A possible reason for lack of change in TNF-α concentration is believed to be due to 
its rapid excretion (Dishman et al., 2004).  
In addition to elevated concentrations of cytokines, exercise is associated with increased 
production of free radicals. During acute exercise, red blood cells produce high amounts of 
reactive oxygen species as a consequence of increased oxygen transport (Tauler et al., 2006). 
This increased production of reactive oxygen species induces oxidative stress in lymphocytes 
(Sureda et al., 2008) and other cells. While the effects of acute exercise on concentrations of 
reactive oxygen species and circulating cytokines in the body are documented, the effects of 
chronic exercise remain unclear. Recent research findings have suggested that individuals who 
engage in long-term heavy exercise may become more resistant to oxidative stress (Ji et al., 
2009) suggesting that chronic exercise is anti-inflammatory (McAnulty et al., 2010). It has been 
proposed that reactive oxygen species generated during strenuous exercise promote increased 
functioning of antioxidant defense systems by promoting release of antioxidant enzymes. The 
increased expression of antioxidant enzymes is believed to alter the susceptibility of muscle to 
free radical damage, indicating an adaptive response to consistent exercise. However, this is 
dependent on adequate dietary intake (Ji et al., 2009). Carlsohn, Rohn, Bittmann, Raila, Mayer, 
and Schweigert (2008) observed that highly active individuals had significantly elevated 
antioxidant capacities compared to non-active and moderately active individuals. Their findings 
suggested a dose-dependent relationship between increased exercise training, including both 
aerobic and strength training, and elevated antioxidant capacity, which contribute to lower 
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inflammation (Carlsohn et al., 2008). However, results from other studies have indicated little to 
no improvements in antioxidant defense capacity following exercise training (Ji et al. 2009).   
Despite the potential benefits of chronic exercise, extremely intense exercise has been 
shown to reduce an individual‟s immune function and increase oxidative stress. In a study of the 
effects of exercise on the lymphocyte antioxidant system, Sureda et al. (2008) found that 
participants running a half-marathon, which is considered intense exercise, experienced oxidative 
stress and cellular damage in lymphocytes as a result of the exercise. This resultant increase in 
oxidative stress is believed to increase an individual‟s vulnerability to cell and tissue damage by 
circulating free radicals in the body (Sureda et al., 2008). Such damage has been linked to 
cancer, and thus, it is recommended that overtraining be avoided in order to avoid canceling out 
the benefits of physical activity (Dishman et al., 2004).   
While evidence regarding the effects of exercise on inflammation varies depending on the 
frequency, intensity, and duration of activity, the documented reductions in morbidity and 
mortality risk associated with activity are believed to outweigh the potential detrimental effects 
of such activity. In order to achieve substantial health benefits, the 2008 U.S. Physical Activity 
Guidelines state that adults should perform a minimum of 150 minutes per week of moderate 
intensity aerobic activity, at least 75 minutes per week of vigorous-intensity aerobic physical 
activity, or a combination of moderate and vigorous activity that is equivalent. Additional health 
benefits are believed to be associated with additional physical activity (more than 300 minutes 
per week) (U.S. Department of Health and Human Services [HHS], 2008) and it has been 
recognized that this increased frequency of activity may be necessary for weight management 
(Blair, LaMonte, & Nichaman, 2004).  
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Treatment of Obesity: Diet 
In addition to physical activity, changes in dietary intake can influence the energy 
balance and contribute to weight loss. By consuming less energy than is expended, weight loss 
can be achieved. This often requires that higher energy foods be replaced with lower energy 
foods in order to maintain satiety while decreasing caloric intake. However, this reduction in 
energy can often be accompanied by a reduction in nutrients. While obese individuals may take 
in an excessive amount of energy, they may be deficient in micronutrients, including those 
micronutrients known to have antioxidant properties. Therefore, an important role of diet in the 
prevention and treatment of obesity is to provide the proper nutrients in adequate amounts to 
continue on the path towards wellness. Research has shown that increased energy consumption is 
associated with higher intakes of antioxidants. Carlsohn et al. (2008) found that an increase in 
total energy intake among participants was accompanied by improved intake of beta carotene, 
vitamin C, and vitamin E. A reduction in energy intake may therefore contribute to decreased 
intakes of these nutrients. Thus, the recommended reduction of energy intake from food must be 
balanced without distorting the intake of essential vitamins and minerals (Trosko, 2008).  
Fruits and vegetables are often recommended for weight loss because of their excellent 
nutrient profile, high dietary fiber content, and generally low caloric content. Research has 
demonstrated that consumption of fruits and vegetables in place of foods with higher energy 
density can greatly impact energy balance (Schroder, 2010). In fact, higher intakes of fruits and 
vegetables have been associated with weight loss. One example of this was seen in a longitudinal 
study, which used data from a randomized controlled weight intervention trial involving 
computer-assisted self-monitoring of food intake. The goals of the initial randomized controlled 
weight intervention trial were to assess if self-monitoring was effective for decreasing energy 
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intake, increasing fruit and vegetable consumption, and maintaining a balanced diet among 
participants. Results of the longitudinal study indicated that intake of fruits, but not vegetables, 
was significantly related to body weight. Both body weight and BMI were significantly lower in 
participants with higher fruit intake, even after controlling for age, gender, physical activity, and 
macronutrient consumption (Schroder, 2010).  
Fruit and vegetable consumption was also associated with lower body weight among 
participants in a study by Hermsdorff, Zulet, Pachau, and Martinez (2010). When they examined 
the effects of fruit and vegetable consumption on proinflammatory gene expression, they found 
that participants in the highest tertile for fruit and vegetable consumption showed significantly 
lower values of BMI and waist circumference. Plasma concentrations of CRP and gene 
expression of IL-6, TNF-α, and NF-kB1 were also lower in those with the highest fruit and 
vegetable consumption. Based on existing research, it has been concluded that consumption of 
fruits and vegetables, which are generally low in energy and high in antioxidants, can assist 
overweight and obese individuals in losing weight while maintaining their nutritional status 
(Hermsdorff et al., 2010). 
Role of Diet in the Inflammatory Process 
 The effects of diet on inflammation have been widely studied. Fat and carbohydrate 
content of diets have been manipulated in order to assess changes in markers of oxidative stress 
and inflammation. Diets high in fat have been shown to be associated with higher concentrations 
of inflammatory markers (Rankin & Turpyn, 2007) although changes in markers vary depending 
on the type of fat in the diet. In a study of 65 healthy men, researchers found that after six weeks, 
neither a moderately low-fat (25% energy from fat) nor a high monounsaturated fat (40% energy 
from fat; 22% energy from monounsaturated fat) diet affected plasma CRP concentrations 
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(Desroches et al., 2006). Similarly, no significant decreases were observed in CRP or TNF-α 
concentrations in participants following the American Heart Association Step I diet (no more 
than 30% energy from fat, no more than 10% of energy from saturated fat) for a period of 14 
weeks (Koh et al., 2003). Significant reductions in CRP have been observed in overweight 
participants following a low-fat (15% calories from fat) diet, however the reduction in CRP was 
attributed to loss of body weight and was not independently related to consumption of the low-
fat diet (Koren et al., 2006). Alternatively, consumption of a diet high in saturated fat resulted in 
a proinflammatory gene expression profile while a diet high in monounsaturated fat resulted in a 
more anti-inflammatory profile, which is consistent with current recommendations to replace 
saturated fat sources with monounsaturated fat sources (van Dijk et al., 2008). Other studies have 
observed lower concentrations of CRP in participants who consumed a diet high in 
polyunsaturated fatty acids (Zhao et al., 2004). Evidence exists that replacing sources of 
saturated fat with unsaturated fat in the diet may reduce adipose tissue inflammation and thereby 
reduce the risk of inflammation-related diseases associated with obesity (van Dijk et al., 2008).  
 The Mediterranean diet, which emphasizes consumption of unsaturated fats and fruits and 
vegetables, has been popularized for its role in reducing markers of oxidative stress and 
inflammation. In a prospective study of the effects of adherence to the Mediterranean diet on 
markers of oxidative stress and inflammation, Chrysohoou, Panagiotakos, Pitsavos, Das, and 
Stefanadis (2004) followed over 3,000 men and women for a period of one year. A diet score 
was assigned to reflect adherence to the diet with higher scores indicating closer adherence. 
Participants in the highest diet score tertile experienced significantly lower CRP and IL-6 
concentrations, and moderately significant lower TNF-α concentrations compared to those in the 
lowest tertile. These observations remained even after adjustments for contributing factors 
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(Chrysohoou et al., 2004). Similar results were observed by Dai et al. (2008). Adherence to the 
Mediterranean diet was associated with reduced concentrations of IL-6 but not CRP after 
adjustment for total energy intake, other nutritional factors, known CVD risk factors, and use of 
supplements and medications (Dai et al., 2008). While these findings demonstrate the potential 
influence of the Mediterranean diet on reduced markers of inflammation, the exact components 
of the diet responsible for the changes remain unclear. Additional research has focused on the 
fruit and vegetable portion of the diet as possibly being responsible for the beneficial influence 
on inflammation.   
Other research has focused on carbohydrate content of diet and subsequent effects on 
markers of inflammation. In a study of 29 overweight women, researchers randomly assigned 
participants to either a low carbohydrate, high fat diet or a high carbohydrate, low fat diet for 
four weeks. Although participants in the low carbohydrate, high fat diet group lost more weight, 
CRP concentrations increased by 25% while CRP concentrations were reduced by 43% in 
participants following the high carbohydrate, low fat diet (Rankin & Turpyn, 2007). Evidence 
has consistently suggested that diets high in fruits, vegetables, and grains are associated with 
lower concentrations of CRP while diets higher in fat are associated with high CRP 
concentrations. Low carbohydrate diets, while popular for weight loss, tend to be low in dietary 
antioxidants making people who follow them more susceptible to oxidative stress and 
inflammation (Rankin & Turpyn, 2007). Therefore, low carbohydrate diets are not 
recommended. Instead, emphasis is placed on choosing fruits, vegetables, and whole grains as 
the primary sources of carbohydrate because of their fiber and antioxidant content. 
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Role of Antioxidants in the Inflammatory Process 
While generation of reactive oxygen species is a normal component of metabolism, 
increased concentrations of these reactive oxygen species in the body have been associated with 
inflammation (Basu et al., 2010; Hubbard et al., 2008; Soory, 2009). Fortunately, the body is 
able to utilize antioxidants, which are a type of phytochemical or bioactive food constituent 
derived from plants, to prevent accumulation of free radicals. Antioxidants function by donating 
electrons to free radicals in order to stabilize them and prevent oxidative damage (Jones & 
DeLong, 2000). Thus, antioxidants are able to effectively eliminate free radicals and other 
reactive species from the body (Carlsen et al., 2010; Dilis & Trichopoulou, 2010). Antioxidants 
are classified as enzymatic and non-enzymatic. Enzymatic antioxidants are present in the body 
while non-enzymatic antioxidants are consumed through dietary intake (Cilla et al., 2009; Mayes 
& Botham, 2003). Examples of antioxidants taken in by the diet include plant derived 
antioxidants, vitamins, and minerals (Vertuani et al., 2004).  
Plant derived antioxidants include phenols, polyphenols, flavonoids, and carotenoids. 
Phenols include tocopherols and tocotrienols, which are essential components of biological 
membranes. Alpha-tocopherol, or vitamin E, has the highest antioxidant activity among the 
tocopherols. It functions mainly in response to free radicals generated in cell membranes and 
lipoproteins during lipid peroxidation (Bender & Mayes, 2003; Jones & DeLong, 2000; Vertuani 
et al., 2004). While vitamin E is particularly effective at stabilizing free radicals, it also functions 
as a pro-oxidant, especially at high concentrations. Thus, it is not recommended that individuals 
consume high doses of vitamin E (Bender & Mayes, 2003; Jones & DeLong, 2000). 
Alternatively, polyphenols function as scavengers of free radicals and thus are deemed more 
effective as antioxidants than tocopherols and antioxidant vitamins (Vertuani et al., 2004). 
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However, research assessing polyphenols in the body have observed low concentrations, 
suggesting that the bioavailability of polyphenols is poor. Examples of polyphenols include 
resveratrol, found in grapes and wine, and curcumin, which contributes to the bright yellow color 
of turmeric (Bisht, Wagner, & Bulmer, 2010). 
Flavonoids are a family of compounds found in fruits and vegetables. The flavonoid 
family includes flavones, isoflavonoids, flavanones, and flavanol. These compounds possess 
potent antioxidant properties, protecting cells and DNA from stress-mediated injury by inducing 
antioxidant enzyme production and reducing the destruction of DNA. However, flavonoids also 
have pro-oxidant properties when present in high concentrations, including production of 
reactive oxygen species and induction of apoptosis (Bisht et al., 2010). Similarly, carotenoids, 
which include beta carotene, have been shown to have both antioxidant and pro-oxidant 
properties. Carotenoids interact with other antioxidants, which can influence whether they have a 
protective or destructive effect on cells. Like flavonoids, carotenoids are primarily found in fruits 
and vegetables (Vertuani et al., 2004).  
 Certain vitamins and minerals are also known to possess antioxidant properties. 
Antioxidant vitamins function by scavenging for free radicals and/or by participating in the 
regulation and expression of enzymes (Vertuani et al., 2004) while antioxidant minerals function 
as coenzymes for enzyme reactions. Examples of antioxidant vitamins and minerals include 
ascorbate (vitamin C), retinol (vitamin A), and selenium.  
Vitamin C is effective as an antioxidant because it acts as a reducing agent, which means 
it donates electrons and hydrogen ions to free radicals in order to neutralize them. Examples of 
free radicals that are efficiently reduced by ascorbate include hydroxyl, hydroperoxyl, 
superoxide, alkoxyl, and peroxyl radicals (Gropper et al., 2005). Like vitamin E, vitamin C 
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protects against lipid peroxidation. It is especially effective for neutralizing oxygen-centered 
radicals and works to recycle vitamin E. After reacting with a radical, vitamin E is converted to a 
radical form. However, vitamin C is able to react with the radical form of vitamin E to recycle it 
back to non-reactive vitamin E (Bender & Mayes, 2003; Jones & DeLong, 2000). However, in 
high concentrations, vitamin C also functions as a pro-oxidant.  
 Vitamin A has been touted as an antioxidant vitamin but is actually a term used to 
describe a group of compounds. Retinol, retinal, retinoic acid, and retinyl ester make up the 
retinoids and vary in chemical structure and function (Gropper et al., 2005). Vitamin A as retinol 
is able to scavenge for reactive oxygen species. As retinoic acid, it is able to inhibit nitric oxide 
production through inhibition of gene transcription in certain tissues (Vertuani et al., 2004). 
Vitamin A can also be formed from its precursor, beta carotene, which is particularly effective at 
neutralizing singlet oxygen (
1
O2 ) (Gropper et al., 2005). However, consumption of excessive 
amounts of vitamin A via dietary supplements has been shown to result in increased oxidative 
stress due to its ability to function as a pro-oxidant (Kusano & Ferrari, 2008).  
Selenium is an essential trace element found in many foods and is required for its role in 
selenoproteins, many of which are antioxidant enzymes (Semba et al., 2010). Selenium is 
particularly important in the reactions to neutralize hydrogen peroxide (H2O2). It is required for 
the major forms of glutathione peroxidase, which detoxifies hydrogen peroxide in the cytosol, 
mitochondria, and blood to oxidized glutathione and water (Bender & Mayes, 2003; Jones & 
DeLong, 2000). Selenium is also believed to support vitamin E activity by reducing the oxidation 
rate of lipids and preventing damage seen when vitamin E concentrations are insufficient 
(Higdon, 2003).  
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While phenols, carotenoids, vitamin C, and selenium are common antioxidants obtained 
from the diet, several other antioxidants exist. This network of antioxidants in the body is 
complex and the protective mechanisms associated with the network are dependent on the 
presence of all necessary antioxidants (Jones & DeLong, 2000). The type and concentration of 
antioxidants in the body influence the inflammatory process (McAnulty et al., 2010). Evidence 
suggests that a combination of antioxidants most likely offers more benefit against oxidative 
damage than that of an individual antioxidant (Vertuani et al., 2004). In a study of male athletes, 
Sureda et al. (2008) found that participants that consumed the recommended daily intake of 
vitamins C and E via diet supplementation with fortified food successfully avoided oxidative 
damage induced by intense exercise (Sureda et al., 2008). Even with positive preliminary 
findings, an ongoing challenge in research and practice is determining the optimal concentration 
of antioxidants in the body (Jones & DeLong, 2000). However, it is believed that identification 
of such dietary substances as antioxidants that can provide protection against inflammation will 
continue to reduce the burden of disease (Bisht et al., 2010).  
Antioxidant Sources 
While the antioxidant content of food is widely variable, plant foods have a substantially 
higher antioxidant content compared to meat, fish, and other animal-based foods (Carlsen et al., 
2010). This is one of the reasons why consumption of plant-based foods, like fruits and 
vegetables, is so widely encouraged. While whole grains also contain antioxidants, a great deal 
of emphasis has been placed on fruits and vegetables as key sources of antioxidants in the diet 
(Gropper et al., 2005). In a study of estimated antioxidant intake in U.S. adults, researchers 
found that the major dietary sources of vitamin C included citrus fruit juices, potatoes, and 
tomatoes while major sources of carotene included deep-yellow and dark-green vegetables 
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(Chun et al., 2010). Consumption of these antioxidant-rich fruits and vegetables has been 
associated with improved health and well-being. Utilizing logistic regression, researchers have 
found associations between increased fruit and vegetable intake and prevention or postponement 
of chronic diseases. In a study of approximately 35,000 people from 12 different ethnic groups, 
researchers found that after adjusting for age and sex, adequate consumption of fruits and 
vegetables, excluding juice, was associated with reduced risk of heart disease, other long-term 
conditions, and overall chronic disease (Quadir & Akhtar-Danesh, 2010).  
In addition to being good sources of antioxidants, fruits and vegetables are good sources 
of dietary fiber, which has also been shown to have anti-inflammatory properties. In a study of 
fruit and vegetable consumption and proinflammatory gene expression in young adults, 
Hermsdorff et al. (2010) found an inverse association between fruit and vegetable consumption 
and IL-1, IL-6, TNF-α, and NF-kB1 expression. However, they also found reduced expression of 
TNF-α and NF-kB1 in participants with the highest dietary fiber intake. These findings suggest 
that fruits and vegetables are sources of multiple compounds, including antioxidants and dietary 
fiber, which have additive and synergistic effects to combat inflammation (Hermsdorff et al., 
2010).  
Similar results were seen in a study by Polidori et al. (2009) of the association between 
fruit and vegetable intake and cognitive performance in healthy adults. They found that 
consumption of a diet rich in fruits and vegetables resulted in higher blood concentrations of 
antioxidants, lower concentrations of oxidative stress biomarkers, and better scores on tests for 
neuropsychological function. These results were independent of gender, age, education, BMI, 
lipid profile, and albumin concentration (Polidori et al., 2009). Likewise, in a study of African 
Americans, Talegawkar et al. (2009) found that fruit and vegetable intake was associated with 
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increased antioxidant capacities, even after adjusting for dietary intakes of beta carotene and 
vitamin C from sources other than fruits and vegetables. Overall, consumption of fruits and 
vegetables has been shown repeatedly to have positive outcomes in regard to oxidative stress and 
thus, overall improved well-being.  
Fruit and Vegetable Consumption 
Due to the numerous benefits associated with fruits and vegetables, consumption is 
highly encouraged in the U.S. and around the world. Research has shown that a regular diet that 
includes a variety of foods in moderation is sufficient to meet individuals‟ antioxidant needs. In a 
study of the antioxidant status of adolescents, Carlsohn, Rohn, Mayer, and Schweigert (2010) 
found that the majority of adolescents were able to meet the recommended daily amounts of 
vitamin C (65 mg/day for females; 75 mg/day for males), vitamin E (15 mg/day for both females 
and males), and reference limits of alpha-tocopherol, beta carotene, and total carotenoids based 
on age through habitual diet. Habitual diet includes an adequate amount of fruits and vegetables 
as recommended through the U.S. Dietary Guidelines (HHS, 2010). Current U.S. dietary 
recommendations for fruit and vegetable consumption for a 2,000 calorie diet include 2.0 
servings of fruit and fruit juices per day and 2.5 servings of vegetables and vegetable juices per 
day (HHS, 2010). 
Research has demonstrated that Americans‟ consumption of fruits and vegetables, which 
are good sources of antioxidants, is poor compared to recommended amounts. According to the 
report of the 2010 Dietary Guidelines, Americans usual intake consists of only 42% and 59% of 
the recommended intake for fruits and vegetables (HHS, 2010). Inadequate consumption of fruits 
and vegetables has been seen in all age groups and across all stages of development. In a study of 
the fruit and vegetable intake of children in elementary school, Ransley et al. (2010) found that 
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the combined daily intake of fruits and vegetables was less than the current recommendations of 
five servings of fruits and vegetables. Similarly, Robinson-O‟Brien, Burgess-Champoux, Haines, 
Hannan, and Neumark-Sztainer (2010) found that 80% of the 103 fourth to sixth grade boys and 
girls they studied consumed fewer than five daily servings of fruits and vegetables. 
Studies have also consistently shown deficient intakes of fruits and vegetables among 
college students (Butler, Black, Blue, & Gretebeck, 2004).
 
The decline in fruit and vegetable 
intake among college students has been found to begin upon entering college and progressively 
decrease on average by one quarter of a serving each semester. The most significant declines in 
intake of fruits and vegetables have been observed in students that consume the majority of their 
meals at fast food restaurants (Yeh et al., 2010), which likely influences availability of fruits and 
vegetables. Along with inadequate intakes of fruits and vegetables, research has demonstrated 
increasing numbers of obese college students (Kasparek, Corwin, Valois, Sargent, & Morris, 
2008). 
The trend of inadequate consumption of fruits and vegetables in childhood and 
adolescence continues into adulthood. According to the CDC (2010, September 10), only 14% of 
U.S. adults consume the recommended goal of two or more servings of fruits and three or more 
servings of vegetables each day. Lower than recommended consumption of fruits and vegetables 
has been seen repeatedly in different adult cohorts (Schroder, 2010) with overall consumption in 
some actually decreasing over time. For example, rates of meeting fruit and vegetable 
recommendations per day among overweight and obese adults in the U.S. significantly decreased 
from 22.6% to 21.5% between 1996 and 2003. It has been postulated that this may be due to 
overweight and obese individuals opting to use fad diets rather than balanced, low-energy diets 
that emphasize intake of fruits and vegetables (Andreyeva, Long, Henderson, & Grode, 2010). 
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Determinants of Fruit and Vegetable Consumption 
 In regards to fruit and vegetable intake, previous research has examined several variables 
believed to impact an individuals‟ likelihood of consumption. These variables include 
psychosocial and sociodemographic determinants, including knowledge, informational resources, 
beliefs, socioeconomic status, convenience, exposure, taste, and sex.  
 Knowledge as a determinant of fruit and vegetable intake has been widely studied though 
results of its effectiveness have been mixed. Haleem, Barton, Borges, Crozier, and Anderson 
(2008) argued that knowledge of the antioxidant content of fruits and vegetables might serve to 
encourage a higher consumption, particularly of those known to have the highest antioxidant 
capacity. This hypothesis was evaluated by Guillaumie, Godin, and Vezina-Im (2010). They 
found that knowledge was one of the most consistent variables associated with combined fruit 
and vegetable intake as well as fruit intake and vegetable intake examined separately. Thus, it 
was concluded that knowledge was an important determinant in interventions (Guillaumie et al., 
2010). However, in a study of the influence of nutrition education on children‟s fruit and 
vegetable consumption, Ransley et al. (2010) found that the number of nutrition lessons 
promoting fruits and vegetables was not associated with fruit and vegetable consumption. 
Authors noted that the nutrition lessons alone lacked sufficient behavior change techniques 
required for increased consumption. Similarly, in his review of evidence for long-term successful 
dietary changes in the general population, Chapman (2010) noted that knowledge alone had 
limited effectiveness. Findings indicated that despite knowledge of guidelines, support for 
change, and the possibility for improved health status, participants did not seem to make dietary 
changes, including increases in fruit and vegetable intake. This highlights the idea that in 
addition to knowledge, other components of interventions may be necessary in order to motivate 
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individuals to increase their fruit and vegetable consumption and maintain these changes over 
time.  
Another determinant identified as playing a role in fruit and vegetable consumption is the 
source of information on the benefits of consumption. In a study of health information sources 
related to preventative health behaviors, Redmond, Baer, Clark, Lipsitz, and Hicks (2010) found 
that recent visits to healthcare providers were not associated with greater likelihood of meeting 
fruit and vegetable intake recommendations. However, it was concluded that increasing the 
number of health communication modalities may increase the odds of people meeting the 
recommendations (Redmond et al., 2010). In another study focusing on weight loss and fruit and 
vegetable consumption, Andreyeva et al. (2010) found that receiving professional advice was 
significantly, but weakly, related to increased consumption of fruits and vegetables among 
adults. Additionally, the clarity of information provided has been shown to impact behavior. 
Findings from a study by Kidd and Peters (2010) indicated that participants who believed that 
nutrition information was confusing were less likely to consume fruits compared to those who 
did not find nutrition information confusing. These findings have led researchers to recognize the 
importance of using simple, direct methods that promote the health and weight benefits when 
promoting fruit and vegetable consumption (Kidd & Peters, 2010).  
Beliefs regarding capabilities and causal factors have also been found to be associated 
with consumption of fruits and vegetables. In a systematic review of psychosocial determinants 
of fruit and vegetable intake, Guillaumie et al. (2010) found that beliefs about capability, which 
is a component of social cognitive theory, was a consistent predictor of fruit and vegetable 
consumption. Similarly, causal beliefs about obesity and its association to fruit and vegetable 
intake have also been studied. Wang and Coups (2010) found that participants who believed that 
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obesity is inherited had lower consumption of fruits and vegetables. Components of the Health 
Belief Model, which includes perceived susceptibility to disease, perceived severity of disease, 
perceived barriers, and self-efficacy, have also been associated with fruit and vegetable 
consumption. In a study of changes in intention, planning, and self-efficacy as it relates to 
changes in fruit and vegetable consumption, it was found that self-efficacy was a key factor in 
changing fruit and vegetable behavior in adults (Reuter et al., 2010). The authors highlighted the 
importance of targeting self-efficacy beliefs and planning skills in interventions in order to 
change behavior related to fruit and vegetable consumption.  
 Economic determinants have also been the focus of studies examining fruit and vegetable 
consumption. However, Powell, Kazlauskaite, Shima, and Appelhans (2010) noted that factors 
other than cost of fruits and vegetables may be more relevant to understanding consumption. 
They pointed out that price of fruits and vegetables can only affect an individuals‟ choice 
regarding consumption if the choice is available; in other words, if fruits and vegetables are 
available for purchase. Thus, availability may be more of a determinant than price of fruits and 
vegetables. In their examination of cost compared to nutrient density, Powell and colleagues 
(2010) argued that purchasing fresh fruits and vegetables can actually help those in 
socioeconomically disadvantaged situations achieve satiety for less money. While they only 
examined purchase and intake of fresh produce, alternative forms such as canned and frozen also 
exist and have comparable nutritional benefits. This is important because research findings have 
indicated that the perishable nature of fresh fruits and vegetables can contribute to decreased 
likelihood of individuals purchasing these items (Kidd & Peters, 2010). Therefore interventions 
should include an emphasis on the nutritional quality and cost associated with different forms of 
fruits and vegetables.  
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 Fruit and vegetable consumption has also been correlated with convenience and 
exposure. In a study of family members‟ influence on family meal vegetable choices, researchers 
found that the variety of vegetables served at dinner was limited by family members‟ 
preferences. If vegetables were not liked by the food preparer or any other family member, the 
vegetable was generally not served, thereby limiting exposure of these foods to others (Wenrich, 
Brown, Miller-Day, Kelley, & Lengerich, 2010). Preparation time also has been shown to impact 
exposure to fruits and vegetables and subsequent consumption. Kidd and Peters (2010) found 
that with the exception of dried fruits, the lower the required preparation time, the greater the 
consumption of fruits and vegetables in both amount and frequency. These findings suggest that 
strategies related to increasing exposure and reducing the required amount of time for 
preparation of fruits and vegetables be incorporated into interventions. 
 Besides knowledge of recommendations, cost, and required preparation time, taste 
preference, particularly pertaining to vegetables, has also been associated with consumption. Di 
Noia and Contento (2010) found that when offered nine daily servings of fruits and vegetables, 
adolescents consumed more servings on average but still failed to consume all that were offered. 
The authors noted that the decreased consumption could have been explained by diminished taste 
preference for fruits and vegetables. Similarly, both Guillaumie et al. (2010) and Wenrich et al. 
(2010) found that aversion to vegetable intake among study participants was primarily related to 
taste. In fact, those vegetables deemed to have the most pleasant taste, including corn, peas, and 
carrots, were touted as the most rewarding vegetables. Participants‟ suggestions for improving 
flavor of vegetables included adding butter, cheese, ketchup, spices, or other foods in order to 
disguise the flavor so that consumption would be more likely (Wenrich et al., 2010). However, in 
their study of vegetable consumption of adults, Rolls, Roe, and Meengs (2010) found that 
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participants failed to rate two versions of the same vegetable, one with substantially higher butter 
content, significantly different in pleasantness of taste. Despite this, the authors suggested that 
taste preference be accounted for when developing interventions aimed to increase vegetable 
intake (Rolls et al., 2010). Still limited research on the significance of taste as a determinant of 
vegetable intake exists with taste being included as a possible determinant in only four studies to 
date (Guillaumie et al., 2010).  
 Differences between males and females have also been seen in regard to fruit and 
vegetable consumption thus highlighting sex as a possible determinant to be considered in 
interventions. In a study of fruit and vegetable intake, Robinson-O‟Brien et al. (2010) found that 
children‟s daily fruit and vegetable intake was lower among males compared to females. Hansen 
et al. (2010) and Wang and Coups (2010) found the same results regarding fruit and vegetable 
consumption in studies of male and female adults. Similarly, in a study of trends in diet methods 
from 1996 to 2003, Andreyeva et al. (2010) found that the rate of meeting the recommended 
intake of fruits and vegetables was higher for women than men, particularly if weight loss was 
desired. Despite these differences, some research findings discourage tailoring interventions 
separately to males or females. Guillaumie et al. (2010) concluded that research involving 
samples of both men and women had more success in explaining variability in fruit and 
vegetable intake than studies that included only men or women in the sample. 
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METHODS 
Participants 
A convenience sample of 67 male and female adults with a body mass index (BMI) of 25 
kg/m
2
 or greater was recruited from the Fargo and Moorhead communities. Information about 
the study, inclusion criteria, and contact information were posted on flyers that were distributed 
to businesses throughout the communities and sent out electronically via email. Additional 
information about the study was provided upon request. Exclusion criteria included anyone 
under18 years of age, having a BMI lower than 25 kg/m
2
, who currently smoke, or with a history 
of bariatric surgery. All participants were provided with information on the purpose, procedures, 
and potential benefits of the study, and written informed consent was obtained from each person. 
Study protocol was approved by the North Dakota State University Institutional Review Board 
prior to implementation.   
Procedures 
Study Overview 
The intervention was based on the Health Belief Model, which includes perceived 
susceptibility to disease, perceived severity of disease, perceived barriers, and self-efficacy 
(Reuter et al., 2010). These components were addressed throughout the nutrition lessons. 
Education regarding how consumption of fruits and vegetables can help lower the risk for 
chronic diseases was aimed at addressing perceived susceptibility to disease. Information about 
how to purchase, store, clean, prepare, and incorporate fruits and vegetables into meals and 
snacks was provided in order to address perceived barriers and self-efficacy. In addition, samples 
of fruits and vegetables were provided to participants in the fruit and vegetable group in order to 
overcome the barriers of cost and exposure. Finally, information regarding positive outcomes 
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associated with increased intake of fruits and vegetables was provided in order to encourage 
behavior change (Garcia, 2005). 
The study consisted of three phases over a 14-week period: pre-testing (2 weeks), 
intervention (10 weeks), and post-testing (2 weeks). During the pre-test, demographic 
information, anthropometric measurements, health history, interest and knowledge regarding 
antioxidants, food intake, information about habitual fruit and vegetable intake, and a fasting 
blood sample were collected. Three self-report questionnaires were used during pre-testing to 
collect demographic and health history information, information about habitual fruit and 
vegetable consumption, and information about participants‟ interest and knowledge regarding 
antioxidants, fruits, and vegetables. It took participants approximately 30 minutes to complete all 
three questionnaires. In addition, actual food intake was assessed using a three-day food record 
that included all foods and beverages consumed over two weekdays and one-weekend day.  
Following pre-testing, participants were randomly assigned to one of three intervention 
groups: control, education, or fruit and vegetable group. Random assignment was accomplished 
using a table of random numbers. Each participant was given a numeric identification number 
ranging from 00 to 67. The first numeric identification number between 00 and 67 encountered 
on a table of random numbers was assigned to the control group, the second to the education 
group, and the third to the fruit and vegetable group until each group had the predetermined 
number of participants (11 in control, 29 in education, and 27 in fruit and vegetable) (Thomas, 
Nelson, & Silverman, 2005).  
Study interventions took place from the end of September to the beginning of December, 
lasting a total of 10 weeks. Participants assigned to the control group received no intervention. 
However, they were given the option of receiving the information about fruits and vegetables 
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provided to other participants after the 10-week intervention was over. Participants in the 
education group attended weekly nutrition lessons where they received information from 
licensed, registered dietitians about the antioxidant content of fruits and vegetables, the role of 
antioxidants in the inflammatory process, and the current recommendations for fruit and 
vegetable consumption. Participants assigned to the fruit and vegetable group received the same 
information (antioxidant content of fruits and vegetables, the role of antioxidants in the 
inflammatory process, the current recommendations for fruit and vegetable consumption) in the 
nutrition lessons as participants in the education group. In addition, they also received 
recommendations for incorporating fruits and vegetables into their current meal plan and samples 
of fresh, frozen, or canned fruits and vegetables every week. The samples of fruits and 
vegetables included fresh, frozen, or canned fruits and vegetables and were provided to 
participants at the weekly nutrition education sessions. Fruits and vegetables samples were 
chosen based on nutrient content, cost, and availability. All canned and frozen varieties of fruits 
and vegetables provided were free of added sugar or salt. The quantity provided to each fruit and 
vegetable group participant was the equivalent of one serving of fruits and two servings of 
vegetables per day for a week because on average, Americans fail to meet the recommended 
servings of fruits and vegetables by these amounts (CDC, 2007, March 16). Servings provided 
were consistent with the serving sizes listed in the 2010 U.S. Dietary Guidelines for Americans 
(HHS, 2010). Participants in the fruit and vegetable group were encouraged to consume these 
fruits and vegetables as a supplement to their usual fruit and vegetable intake.  
All weekly nutrition lessons were approximately 30 minutes in duration and were held in 
the Department of Health, Nutrition, and Exercise Sciences at North Dakota State University. 
Curriculum materials, developed by nutrition experts in the Department of Food and Nutrition at 
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The University of Georgia (Garcia, 2005; Johnson et al., 2003), were used for the nutrition 
lessons. This curriculum was chosen because it was consistent with the purpose of the study, had 
been used for previous research (Garcia, 2005; Hendrix et al., 2008; Wade, 2003), and was 
readily available to the public via the Internet (Johnson et al., 2003). Curriculum materials 
included handouts describing how to purchase and store fruits and vegetables, nutrient content of 
various fruits and vegetables, and suggestions for incorporating fruits and vegetables into meals 
and snacks (Appendices R-UU). Existing curriculum was used since appropriate materials are 
readily available to the public.  
After conclusion of the 10-week intervention, post-testing began. Data, including 
demographic and health history information, interest and knowledge regarding antioxidants, food 
intake, and a fasting blood sample, were collected using the same instruments, equipment, and 
procedures utilized for pre-testing. In addition, information about habitual fruit and vegetable 
intake was assessed using a questionnaire. At the conclusion of the intervention, all participants 
received the results of their blood lipids and glucose and had the opportunity to meet individually 
with a licensed, registered dietitian.  
Self-Report Assessments 
Demographic and health history information was self-reported on a questionnaire. 
Participants were asked to indicate their age, gender, race/ethnicity, education level, annual 
income, and marital status. In addition, participants were asked to report personal history or 
current diagnosis of allergies, asthma, anemia, sickle cell anemia, blood clotting disease, 
diabetes, cancer, heart disease/heart attack, high cholesterol, or hypertension. They were also 
asked to indicate use of prescription and over the counter medications and use of any vitamin, 
mineral, or herbal supplements, including details about brand, dosage, and frequency. In 
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addition, participants were asked to report current physical activity in minutes per week, weight 
history, including any diets followed and the duration, general eating habits, and frequency of 
smoking and alcohol consumption.  
Information about participants‟ interest and knowledge regarding antioxidants, fruits, and 
vegetables was also collected during post-testing via a questionnaire. Participants reported 
receipt of and interest in information about healthy eating, weight management, cooking, 
antioxidants, and physical activity. The questionnaire featured eight questions/statements aimed 
at assessing perceptions of general health and food consumption, and eleven questions assessing 
knowledge of general nutrition, antioxidants, and physical activity.  
Dietary Intake Assessments 
Food and nutrient intakes at pre- and post-testing were assessed using a three-day food 
record. Validity of food records in assessment of energy and nutrient intake has been 
demonstrated in previous studies of adults (Comrie, Masson, & McNeill, 2009; Drapeau et al., 
2007; Shuaibi, Gustaaf, Sevenhuysen, & House, 2008). Three-day food records were collected as 
they have been observed to provide comparable accuracy as seven-day food records, require less 
participant burden, and have been shown to result in improved compliance (Larkin, Metzner, & 
Guire, 1991). Participants were provided with instructions and asked to record by hand 
everything they ate or drank over the course of two weekdays and a weekend day. To ensure 
accuracy, participants were encouraged to record foods and beverages as they consumed them 
over the three-day period.  
Information about habitual fruit and vegetable intake was assessed using two 
questionnaires, a pre-test and post-test. These semi-quantitative food frequency questionnaires 
were developed by nutrition experts in the Department of Food and Nutrition at The University 
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of Georgia (Garcia, 2005) and are based on the Block Food Frequency Questionnaire, which has 
been demonstrated to have validity and reliability (Garcia, 2005). Modifications to the original 
questionnaires have been recommended previously (Garcia, 2005; Wade, 2003) and included the 
addition of foods to the food frequency questionnaire as well as questions assessing knowledge, 
attitudes, and behaviors regarding fruit and vegetable consumption. In addition, a tenth 
frequency category (0/week) was added. Modifications to the food frequency questionnaire 
included the addition of oranges/grapefruit/tangerines and fresh tomatoes (Wade, 2003), and 
addition of „prepared with tomato or vegetable sauce‟ to spaghetti or lasagna. On the pre-test, 
modifications included the addition of the following questions: (a) Do you eat more fresh fruits 
and vegetables when they are in season? If yes, which fruits and vegetables?; (b) Do you feel that 
fruits and vegetables are expensive?; (c) How are the fruits and vegetables that you eat usually 
prepared? (Wade, 2003); (d) Do you feel canned and frozen fruits and vegetables are just as good 
for you as fresh fruits and vegetables?; and (e) Are you concerned about chronic diseases, such 
as cancer or heart disease? (Garcia, 2005). Modifications to the post-test questionnaire included 
the addition of the following: (a) Because of the information you learned in the lessons, do you 
think you are more willing to try different fruits and vegetables?; and (b) Because of the 
information you learned in the lessons, did you replace foods previously consumed with fruits 
and vegetables? (Garcia, 2005). 
The modified pre-test and post-test food frequency questionnaires included 18 items, with 
six fruit items (100% orange juice, 100% cranberry/apple/purple grape juice, berries such as 
strawberries/blueberries/blackberries, nectarines/peaches/apricots, 
oranges/grapefruits/tangerines, and cantaloupe/honeydew melon), and 12 vegetable items 
(broccoli/cabbage/cauliflower, leafy greens such as mustard greens/turnip greens/collard greens, 
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corn, cooked or stewed tomatoes, spaghetti/lasagna with tomato or vegetable sauce, onions, 
squash/zucchini, spinach, sweet potatoes/yams, carrots, and baked beans/pintos/black-eyed 
peas/other beans). These particular fruits and vegetables were included on the questionnaires 
because they are known to contain a high concentration of antioxidants and consumption of them 
has been associated with reduced risk of chronic disease (Garcia, 2005). Consumption frequency 
was measured using 10 frequency categories (0/week, less than 1/week, 1/week, 2/week, 3/week, 
4/week, 5/week, 6/week, 1/day, or 2/day) for each food item. Additional information about 
knowledge, attitudes, and access to fruits and vegetables was assessed by binary response (yes, 
no) to 21 questions/statements on the pre-test questionnaire. Six of these questions/statements 
were also included on the post-test questionnaire while the remaining 15 were specific to the pre-
test questionnaire. 
Anthropometric, Clinical, and Biochemical Assessments 
Anthropometric data collected included height, weight, waist circumference, and body 
composition. All measurements were conducted by the same researcher, trained in the proper 
techniques. Height was measured with participants‟ shoes off using a stadiometer (HR-200, 
Tanita Corporation of America, Inc., Arlington Heights, IL). Participants were instructed to stand 
with their feet together, looking straight ahead. Weight and body composition measures, 
including fat mass, fat free mass, and percent body fat, were measured with participants‟ shoes 
and socks off and any outerwear removed using a Tanita Body Composition Analyzer® (TBF-
300A, Tanita Corporation of America, Inc., Arlington Heights, IL). Participants‟ waist 
circumference was measured at the top portion of the iliac crest, with a horizontal tape at the end 
of gentle exhalation. Body mass index was then calculated by the quotient between weight (kg) 
and the squared height (m
2
). Values for body mass index were then applied to categorize obesity 
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class I (30.0-34.9 kg/m
2
), obesity class II (35.0-39.9 kg/m
2
), and obesity class III (> 40.0 kg/m
2
), 
according to criteria established by the World Health Organization (World Health Organization, 
2006).  
During pre- and post-testing, a total of 30 mL of venous whole blood sample was drawn 
after a 12-hour overnight fast. All blood draws were scheduled and performed by a phlebotomist 
at Sanford Health in Fargo, North Dakota. Within 30 minutes of blood being drawn, EDTA-
plasma samples were separated from whole blood by laboratory staff at Sanford Health and 
frozen immediately at -80
 
degrees Celsius (C). Samples were transferred from Sanford Health to 
the Nutrition Laboratory at North Dakota State University in ice and stored in a freezer at -80 
degrees C. Each aliquot was slowly brought to room temperature before any tests were 
performed.  
Data assessed from fasting blood samples included total cholesterol, high density 
lipoprotein, low density lipoprotein, triglycerides, glucose, C-reactive protein, tumor necrosis 
factor-alpha, and thiobarbituric acid reactive substances. Total cholesterol, high density 
lipoprotein, low density lipoprotein, triglycerides, and glucose were measured at Sanford Health 
in Fargo, North Dakota. Plasma concentrations of CRP, TNF-α, and thiobarbituric acid reactive 
substances (TBARS) were measured in the Nutrition Laboratory at North Dakota State 
University using Enzyme Linked- Immuno-Sorbent Assay (ELISA) kits. All standards and 
samples were run in duplicate for the CRP and TNF-α assays and in triplicate for the TBARS 
assay.  
CRP concentration was measured using a human C-reactive protein ELISA kit (Cayman 
Chemical Company, catalog number 10011236, Ann Arbor, MI). Measurement of CRP 
concentration involved adding 100 µL of standard or sample to wells of a microtiter plate, 
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incubating for 60 minutes at room temperature on an orbital shaker (MTS 2/4 D S1, IKA
®
 
Works, Inc., Wilmington, NC), and then washing four times and removing any moisture from the 
plate. Anti-CRP conjugate (100 µL) was then added to each well, incubated for 30 minutes at 
room temperature on an orbital shaker, and then washed four times. Following washing and 
removal of moisture, 100 µL of CRP tetramethylbenzidine (TMB) substrate solution was added 
to each well and incubated on an orbital shaker for 15 minutes at room temperature in the dark. 
Following incubation, 100 µL of CRP horseradish peroxidase (HRP) stop solution was added to 
each well to stop the reaction. Plates were then read by a microtiter plate reader (ELx 808 IU, 
Bio-Tek Instruments, Inc., Winooski, VT) at 550 nm. Results were expressed as pg CRP/mL and 
then converted to mg CRP/L.  
Tumor Necrosis Factor-Alpha was measured with a human TNF-α UltraSensitive (US) 
ELISA Kit (Invitrogen Corporation, Catalog number KHC3013, Camarillo, CA). For this assay, 
50 µL of buffered protein base containing 8 mM sodium azide, 100 µL of each standard or 
sample, and 50 µL of human TNF-α US biotin conjugate were pipetted into each well, incubated 
for two hours at 37 degrees C, and then aspirated and washed four times. Following washes, 100 
µL of streptavidin-HRP working solution was added to each well, incubated for 30 minutes at 
room temperature, and washed four times. Following washes, 100 µL of stabilized chromogen 
TMB was added to each well and incubated for 30 minutes at room temperature in the dark. 
Finally, 100 µL of stop solution was added to stop the reaction. Plates were read at 550 nm and 
results expressed as pg TNF/mL. 
Concentration of lipid peroxides in plasma, which is an indicator of oxidative stress, was 
determined using a TBARS kit. For this assay, 100 µL of each standard or sample and 100 µL of 
sodium dodecyl sulfate were mixed in 5 mL vials. Color reagent (4 mL), containing 
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thiobarbituric acid, acetic acid, and sodium hydroxide, was added to each vial and vortexed. 
Vials were then incubated in 95 degree Celsius water bath for 65 minutes and then immediately 
transferred to an ice bath to stop the reaction. Following incubation in the ice bath for 10 
minutes, vials were centrifuged for 15 minutes at 3,000 RPMs at 4 degrees C. Finally, 150 µL of 
each standard or sample were pipetted onto a microtiter plate and read at 550 nm. Results 
reflected the concentration of malondialdehyde (MDA), which is a byproduct of lipid 
peroxidation (Yagi, 1998). Results were expressed as MDA equivalent content (nmol MDA/mL 
plasma), with higher values indicating a higher degree of oxidative stress.    
Statistical Analysis 
 Personal identifiers were collected throughout this study. However, all participants were 
assigned an identification number upon initiation of the study and any documents containing 
personal identifiers matched to identification numbers were stored separate from other data, in a 
locked file cabinet on the campus of North Dakota State University. All statistical analyses were 
performed using PASW version 18.0 (SPSS Inc., Chicago, IL). Chi square analyses were used to 
assess differences among intervention groups in regard to demographics. The mean fruit and 
vegetable consumption frequency was calculated based on the conversion factor shown in . 
Descriptive statistics, including frequencies, means, standard error of the mean, and standard 
deviations were then generated for all participants completing both pre-test and post-test. Chi 
square tests for independence and follow-up pairwise comparisons were used to determine 
differences in frequencies of responses to knowledge, attitude, and behavior questions from pre-
test to post-test and between the three groups: control, education, and fruit and vegetable. Paired 
sample t-tests were utilized to evaluate mean differences in fruit and vegetable consumption; 
BMI, anthropometric, and body composition measures; and concentrations of blood glucose, 
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blood lipids, CRP, TNF-α, and TBARS from pre-test to post-test for all participants. One-sample 
t-tests were conducted to evaluate how participants‟ actual consumption of fruits and vegetables, 
according to three-day food records, compared to recommended servings of fruits and vegetables 
according to the U.S. Dietary Guidelines (HHS, 2010). Pearson correlation analysis was used to 
evaluate relationships between changes in fruit and vegetable consumption and changes in blood 
glucose, blood lipids, BMI, waist circumference, body composition, and biomarkers of 
inflammation and oxidative stress from pre-test to post-test. Finally, one-way ANOVAs were 
used to test the hypothesis that nutrition education and/or nutrition education with the provision 
of fruits and vegetables had a differential effect on fruit and vegetable consumption, blood 
glucose, blood lipids, body composition, anthropometrics, BMI, CRP, TNF-α, and TBARS 
concentrations from pre-test to post-test compared to no intervention (control group). An alpha 
level of < .05 was selected to indicate statistical significance.  
Table 1 
 
Calculations for the Mean Fruit and Vegetable Consumption Frequency 
 
Frequency Indicated on FFQ Conversion to Weekly Frequency 
for Statistical Analysis (x7) 
Never 0 
Less than 1 per week .07 
1 per week .14 
2 per week .29 
3 per week .43 
4 per week .57 
5 per week .71 
6 per week .86 
1 per day 1.0 
2 per day 2.0 
Note. FFQ = food frequency questionnaire. 
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COMMUNITY-BASED NUTRITION EDUCATION IMPROVES  
KNOWLEDGE, ATTITUDES, AND BEHAVIORS RELATED  
TO FRUIT AND VEGETABLE CONSUMPTION 
Abstract 
Knowledge, beliefs, and availability have been shown to be determinants of successful 
behavior change related to fruit and vegetable consumption. However, no studies to date have 
examined the effects of nutrition education and provision of fruits and vegetables on changes in 
fruit and vegetable-related knowledge, attitudes, and behaviors. The objectives of this study were 
to identify perceived and actual barriers to intake of fruits and vegetables and determine the 
effectiveness of a 10-week community-based nutrition education program on improving 
knowledge, attitudes, and behaviors related to fruit and vegetable consumption among 
overweight and obese adults. Fifty-four adults (19 men/35 women; age 44.7 ± 12.1 y; body mass 
index 33.2 ± 7.7 kg/m
2
) were randomly assigned to one of three intervention groups. The control 
group received no intervention, the education group attended weekly nutrition lessons, and the 
fruit and vegetable group attended weekly nutrition lessons and received one serving of fruits 
and two servings of vegetables per day for 10 weeks. Fruit and vegetable-related knowledge, 
attitudes, and behaviors were assessed at pre-test and post-test using questionnaires. The main 
determinants observed to impact fruit and vegetable-related behavior among participants 
included attitudes, knowledge, and exposure, more so than availability. Participants who 
received nutrition education, especially those in the fruit and vegetable group, reported more 
improvements in knowledge, attitudes, and behaviors related to fruit and vegetable consumption 
compared to those in the control group. Nutrition intervention programs designed to improve 
fruit and vegetable consumption-related behaviors among overweight and obese adults need to 
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thoroughly address participants‟ attitudes, knowledge, and provide exposure to fruits and 
vegetables. 
Introduction 
The number of adults in the U.S. struggling with overweight or obesity continues to rise 
each decade (Centers for Disease Control and Prevention [CDC], 2011, November 17) putting an 
increasingly higher number of Americans at risk for chronic diseases. Such diseases include 
heart disease, hypertension, hyperlipidemia, type 2 diabetes mellitus, and certain types of cancer, 
including breast, colon, and prostate cancer (CDC, 2009, August 19; National Heart, Lung, and 
Blood Institute, 2011). It has been estimated that obese individuals are two times more likely to 
develop hypertension, three times more likely to be diagnosed with type 2 diabetes mellitus, and 
have life expectancy reduced by one year (Thompson, Edelsberg, Colditz, Bird, & Oster, 1999).  
According to the World Health Organization, a key contributor to the increase in 
overweight and obesity is increased consumption of energy-dense foods (Puska, Nishida, & 
Porter, 2003). Thus, changes in dietary intake are necessary in order to promote weight loss 
among overweight and obese adults. One such change is an increased consumption of fruits and 
vegetables. When consumed in place of energy-dense foods, fruits and vegetables have been 
shown to aid in weight loss. In addition, with their excellent nutrient profile, high dietary fiber 
content, and generally low energy density, increased consumption of fruits and vegetables has 
been associated with prevention or postponement of chronic diseases (Quadir & Akhtar-Danesh, 
2010).  
Despite their numerous health benefits, consumption of fruits and vegetables is poor in 
comparison to recommendations stated in the Dietary Guidelines for Americans, 2010 (U.S. 
Department of Health and Human Services [HHS], 2010). More than 85% of adults in the U.S. 
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fail to consume the recommended five or more servings of fruits and vegetables per day (CDC, 
2010, September 10). Among overweight and obese adults, rates of meeting fruit and vegetable 
consumption recommendations have actually decreased in recent years (Andreyeva, Long, 
Henderson, & Grode, 2010).  
Previous research on the influence of educational interventions on fruit and vegetable 
consumption (Chapman, 2010; Guillaumie, Godin, & Vezina-Im, 2010; Ransley et al., 2010) 
suggested that several factors, including knowledge, informational resources, beliefs, cost, 
convenience, exposure, and taste, are determinants of successful behavior change related to fruit 
and vegetable consumption. However, no studies to date have examined the effects of nutrition 
education and provision of fruits and vegetables on changes in knowledge, attitudes, and 
behaviors related to fruit and vegetable consumption. This study was designed to determine the 
effectiveness of a community-based fruit and vegetable education program on improving 
knowledge, attitudes, and behaviors among overweight and obese adults. Goals were to identify 
perceived and actual barriers to fruit and vegetable consumption, and improve knowledge, 
attitudes, and behaviors related to fruit and vegetable intake.  
Methods 
Participants 
A convenience sample of male and female adults with a body mass index (BMI) of 25 
kg/m
2
 or greater was recruited from the two neighboring communities with a combined 
population of approximately 135,000 residents. Information about the study, inclusion criteria, 
and contact information were posted on flyers that were distributed to businesses throughout the 
communities and sent out electronically via email. Exclusion criteria included being under18 
years of age, a current smoker, having a BMI lower than 25 kg/m
2
, or having a history of 
49 
 
bariatric surgery. All participants were provided with information on the purpose, procedures, 
and potential benefits of the study, and written informed consent were obtained from each 
person. Study protocol was approved by the university‟s institutional review board prior to 
implementation. 
Sixty-seven participants enrolled in the study and were randomly assigned to intervention 
groups. Fifty-four participants completed the study, which represented an attrition of 13 
participants (19.4%). Of the 13 participants who dropped out of the study, 10 dropped out 
immediately upon learning about which intervention group they were randomly assigned while 
the other three individuals dropped out because of an inability to attend the weekly education 
sessions due to conflicting schedules. No significant differences in gender, ethnicity, marital 
status, education completed, annual household income, or age existed between those who 
participated and those who dropped out. The final sample included 9 participants in the control 
group (18.2% attrition), 19 in the education group (34.5% attrition), and 26 in the fruit and 
vegetable group (3.7% attrition). 
Procedures 
The study was conducted in fall 2011 and consisted of three phases over a 14-week 
period: pre-testing (2 weeks), intervention (10 weeks), and post-testing (2 weeks). During pre-
testing and post-testing, demographics, receipt of and interest in health topics, and nutrition-
related knowledge and attitude data were collected. Demographic information was self-reported 
on a questionnaire, and included age, gender, race/ethnicity, education level, annual income, and 
marital status. A second questionnaire was used to assess participants‟ receipt of and interest in 
information about healthy eating, cooking, and antioxidants, as well as perceptions of general 
health and knowledge of general nutrition and antioxidants. In order to assess participants‟ 
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knowledge of the specific benefits of fruits and vegetables and barriers to consumption, 
participants responded to 21 yes or no questions on a modified version semi-quantitative food 
frequency questionnaire, originally developed by nutrition experts in the Department of Food 
and Nutrition at The University of Georgia (Garcia, 2005). Six of these questions were also 
included on the modified post-test questionnaire while the remaining 15 were specific to the pre-
test questionnaire. 
Following pre-testing, participants were randomly assigned to one of three intervention 
groups: control, education, or fruit and vegetable. Random assignment was achieved using a 
table of random numbers (Thomas, Nelson, & Silverman, 2005). The final sample included 11 
participants in control, 29 in education, and 27 in the fruit and vegetable group. The study 
intervention was 10 weeks in duration. Participants assigned to the control group received no 
intervention. However, they were given the option of receiving the information about fruits and 
vegetables provided to other participants after the intervention was over. Participants in the 
education group received weekly information about the antioxidant content of fruits and 
vegetables, the role of antioxidants in the inflammatory process, and the current 
recommendations for fruit and vegetable consumption. Participants assigned to the fruit and 
vegetable group received the same information as participants in the education group. In 
addition, they received recommendations for incorporating fruits and vegetables into their 
current meal plan and samples of fruits and vegetables. The samples of fruits and vegetables 
included fresh, frozen, or canned fruits and vegetables and were provided to participants at the 
weekly nutrition education sessions. The quantity provided to each fruit and vegetable group 
participant was the equivalent of one serving of fruits and two servings of vegetables per day for 
a week because on average, Americans fail to meet the recommended servings of fruits and 
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vegetables by these amounts (CDC, 2007, March 16). Servings provided were consistent with the 
serving sizes listed in the 2010 U.S. Dietary Guidelines for Americans (HHS, 2010). Participants 
in the fruit and vegetable group were encouraged to consume these fruits and vegetables as a 
supplement to their usual fruit and vegetable intake.  
All weekly nutrition lessons were approximately 30 minutes in duration and were taught 
by licensed, registered dietitians. All education sessions were held at a local university. 
Curriculum materials, developed by nutrition experts in the Department of Food and Nutrition at 
The University of Georgia (Garcia, 2005; Johnson et al., 2003), were used for the nutrition 
lessons. This curriculum was chosen because it was consistent with the purpose of the study, had 
been used for previous research (Garcia, 2005; Hendrix et al., 2008; Wade, 2003), and was 
readily available to the public via the Internet (Johnson et al., 2003). Curriculum materials 
included handouts describing how to purchase and store fruits and vegetables, nutrient content of 
various fruits and vegetables, and suggestions for incorporating fruits and vegetables into meals 
and snacks. 
The intervention was based on the Health Belief Model, which includes perceived 
susceptibility to disease, perceived severity of disease, perceived barriers, and self-efficacy 
(Reuter et al., 2010). These components were addressed throughout the nutrition lessons. 
Education regarding how consumption of fruits and vegetables can help lower the risk for 
chronic diseases was aimed at addressing perceived susceptibility to disease. Information about 
how to purchase, store, clean, prepare, and incorporate fruits and vegetables into meals and 
snacks was provided in order to address perceived barriers and self-efficacy. In addition, samples 
of fruits and vegetables were provided to participants in the fruit and vegetable group in order to 
overcome the barriers of cost and exposure. Finally, information regarding positive outcomes 
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associated with increased intake of fruits and vegetables was provided in order to encourage 
behavior change (Garcia, 2005). 
After conclusion of the 10-week intervention, post-testing was initiated in order to 
evaluate changes in knowledge, attitudes, and behaviors related to fruit and vegetable 
consumption. Knowledge of the benefits of fruit and vegetable consumption and attitudes 
regarding barriers to consumption were assessed using a modified post-test questionnaire 
originally developed by nutrition experts in the Department of Food and Nutrition at The 
University of Georgia (Garcia, 2005), which was similar to the pre-test questionnaire but with 
the addition of 12 binary response questions to assess change in behavior. 
Statistical Analysis 
 All statistical analyses were performed using PASW version 18.0 (SPSS Inc., Chicago, 
IL). Chi square analyses were used to assess differences among intervention groups in regard to 
demographics. Descriptive statistics, including frequencies, means, and standard deviations were 
then generated for all participants completing both pre-test and post-test. Chi square tests for 
independence and follow-up pairwise comparisons were used to determine differences in 
frequencies from pre-test to post-test and between the three groups: control, nutrition education, 
and fruit and vegetable. An alpha level of < .05 was selected to indicate statistical significance. 
Results 
Baseline characteristics for all participants are depicted in Table 2. Participants were 
predominantly female (64.8%), white (92.5%), married or partnered (75.9%), and reported an 
annual household income in the range of $50,000-$99,999 (44.4%). Chi square tests for 
independence did not indicate differences in proportions in regard to gender (male, female),  
 
53 
 
Table 2 
Characteristics of Participants 
 
 
Characteristic 
Total  
sample  
(N = 54) 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable 
group 
(n = 26) 
 n n n n 
Gender      
 Male 19 5 8 6 
 Female 35 4 11 20 
Ethnicity      
 White 50 7 19 24 
 Asian 3 2 0 1 
 Latin American 1 0 0 1 
Marital status      
 Single 7 1 2 4 
 Married/Partnered 41 7 14 20 
 Divorced 5 1 2 2 
 Widowed 1 0 1 0 
Education completed     
 High school/GED 3 0 3 0 
 Some college 6 2 2 2 
 2-year college degree 6 0 3 3 
 4-year college degree 18 3 5 10 
 Master‟s degree 14 2 5 7 
 Professional/Doctoral degree 7 2 1 4 
Annual household income      
 $10,000-$49,999 18 2 6 10 
 $50,000-$99,999 24 5 10 9 
 $100,000-$149,999 10 2 2 6 
 More than $150,000 2 0 1 1 
Age (y, mean ± S.D.) 44.7 ± 12.1 41.4 ± 13.3 45.5 ± 11.9 45.2 ± 12.1 
Note. y = years; S.D. = standard deviation. 
 
5
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ethnicity (white, non-white), relationship status (married, other), or reported annual household 
income (<$39,999, >$40,000) among participants assigned to the three intervention groups. 
When asked about receipt of information regarding healthy eating, cooking, and 
antioxidants, 22 (32.4%) participants indicated they had previously received information on 
healthy eating from a health care provider. Alternatively, only five (7.4%) participants indicated 
receiving information on cooking and only three (4.4%) reported receiving information on 
antioxidants from a health care provider. Of those who reported receiving information on healthy 
eating (n = 51), 39 (76.4%) received information verbally or as a written handout from a 
healthcare provider, eight (15.7%) received information verbally from a family member, friend, 
or neighbor, and four (7.8%) indicated a different source. Of those who reported receiving 
information on cooking (n = 16), four (25.0%) received information verbally or as a written 
handout from a healthcare provider, 10 (62.5%) received information verbally from a family 
member, friend, or neighbor, and two (12.5%) indicated a different source. Of those who 
reported receiving information on antioxidants (n = 8), three (37.5%) received information 
verbally or as a written handout from a health care provider, three (37.5%) received information 
verbally from a family member, friend, or neighbor, and two (25.0%) indicated a different 
source. 
Participant‟s responses to knowledge and attitude questions at pre-test are depicted in 
Table 3. The majority of participants (88.9%) indicated they were concerned about chronic 
diseases such as cancer and heart disease. In addition, 90.7% expressed interest in learning more 
about healthy eating and 81.5% reported interest in receiving information about cooking. When 
asked about knowledge of the health benefits of fruits and vegetables, 94.4% indicated they 
would like to know more about which fruits and vegetables are good for health and 85.2%  
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Table 3 
Responses to Knowledge, Attitude, and Behavior Questions at Pre-test  
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable  
group  
(n = 26) 
 
 n n n p value 
Concerned about chronic disease     
 Yes 7 16 25 .23 
 No 2 3 1  
Learn more about healthy eating     
 Yes 6 18 25 .02* 
 No 3 1 1  
Interest in information about cooking     
 Yes 7 16 21 .91 
 No 2 3 5  
Would like to know more about fruits and 
vegetables for health 
    
 Yes 6 19 26 .00* 
 No 3 0 0  
Interest in information about antioxidants     
 Yes 6 17 23 .23 
 No 3 2 3  
Would like to know more about cooking 
vegetables 
    
 Yes 8 18 23 .76 
 No 1 1 0  
Would like healthy recipes/menus to take 
home 
    
 Yes 8 18 26 .28 
 No 
 
 
 
1 1 0  
5
5
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Table 3 (Continued) 
Feel grocery store has a wide selection of 
fruits and vegetables 
    
 Yes 8 16 22 .59 
 No 0 2 3  
Feel fruits and vegetables are expensive     
 Yes 3 12 19 .10 
 No 6 6 7  
Like the way most vegetables taste     
 Yes 7 16 23 .73 
 No 2 3 3  
Eat more fresh fruits and vegetables when in 
season 
    
 Yes 8 18 26 .28 
 No 1 1 0  
*Indicates significant difference in response between intervention groups. 
 
 
 
 
 
 
5
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expressed interest in receiving information about antioxidants. In addition, 90.7% expressed 
interest in learning more about different ways to cook vegetables and 96.3% reported they would 
like handouts with healthy recipes and menus to take home.  
At pre-test, chi square tests for independence indicated a significant relationship between 
intervention group and interest in receiving information about healthy eating, χ2 = (2, N = 54) = 
7.48, p = .02. The effect was small (Φ = .37, Cramer‟s V = .37). Follow-up pairwise comparisons 
indicated significant differences between the control and fruit and vegetable group (χ2 = (1, N = 
35) = 5.74, p = .02). Participants in the fruit and vegetable group were 4.2 times more likely to 
express interest in receiving information about healthy eating compared to control group 
participants. A significant relationship also existed between intervention group and desire to 
learn more about which fruits and vegetables are good for health, χ2 = (2, N = 54) = 15.88, p = 
.00. The effect was medium (Φ = .54, Cramer‟s V = .54). Follow-up pairwise comparisons 
indicated significant differences between the control and education group (χ2 = (1, N = 28) = 
7.09, p = .01) and between the control and fruit and vegetable group (χ2 = (1, N = 35) = 9.48, p = 
.00). Participants in the education and fruit and vegetable groups were 3.2 and 4.3 times more 
likely to express wanting to learn more about which fruits and vegetables are good for health 
compared to control group participants. No other significant relationships between knowledge 
and attitudes and intervention group at pre-test were observed.  
In addition to knowledge and attitudes, other determinants of fruit and vegetable 
consumption, including convenience, exposure, taste, and cost, were assessed at pre-test. When 
asked about convenience and availability, 86.8% of participants reported that their grocery store 
has a wide selection of fruits and vegetables. However, 63.0% noted that they think fruits and 
vegetables are expensive. Eighty-five percent of participants reported they like the way most 
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vegetables taste and 96.3% indicated they consume more fresh fruits and vegetables when they 
are in season. Chi square tests for independence did not indicate significant relationships 
between these determinants of fruit and vegetable consumption and intervention group.  
Chi square tests for independence indicated significant relationships between 
participants‟ rating of importance regarding statements about fruit and vegetable consumption 
and time (pre-test to post-test) (Table 4). When asked about how important it is to choose a diet 
with plenty of fruits and vegetables, 74.1% of participants indicated it was very important at 
post-test compared to 51.9% at pre-test, χ2 = (3, N = 108) = 6.67, p = .04. The effect was small 
(Φ = .25, Cramer‟s V = .25). A similar difference in level of importance was noted in regard to 
consuming a variety of foods. More participants responded that it is very important at post-test 
(79.6%) compared to pre-test (48.1%), χ2 = (3, N = 108) = 12.63, p = .01. The effect was 
medium (Φ = .34, Cramer‟s V = .34). In addition, more participants at post-test (55.6%) strongly 
agreed that eating a variety of food each day probably gives a person all the vitamins and 
minerals he or she needs, which represents a difference from 31.5% strongly agreeing to this 
statement at pre-test, χ2 = (3, N = 108) = 10.38, p = .02. The effect was medium (Φ = .31, 
Cramer‟s V = .31). 
Significant relationships between perceived knowledge of antioxidants and time point 
were also indicated following chi square tests for independence. At post-test, 48.1% of 
participants strongly agreed that they know what antioxidants are and 44.4% strongly agreed 
they understand the effects of antioxidants in the body. These represent significant differences in 
agreement from 9.3% strongly agreeing to these statements at pre-test, χ2 = (3, N = 108) = 26.29, 
p = .00, Φ = .49, Cramer‟s V = .49; χ2 = (3, N = 108) = 27.82, p = .00, Φ = .51, Cramer‟s V = 
.51. The effects were medium. Participants at post-test also reported excellent or very good  
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Table 4 
Responses to Knowledge, Attitude, and Behavior Questions at Pre-test and Post-test 
 
 
Characteristic 
Total sample  
(N = 54) 
 Pre (n) Post (n) p value 
General health    
 Excellent 1 4 .36 
 Very good 12 15 
 Good 30 30 
 Fair 9 4 
 Poor 2 1 
Importance of variety    
 Very important 26 43 .01* 
 Somewhat important 25 11 
 Not too important 2 0 
 Not at all important 1 0 
Importance of eating plenty of  fruits and vegetables    
 Very important 28 40 .04* 
 Somewhat important 21 13 
 Not too important 5 1 
 Not at all important 0 0 
What you eat makes a difference in risk of disease    
 Strongly agree 39 47 .25 
 Somewhat agree 12 6 
 Somewhat disagree 2 1 
 Strongly disagree 1 0 
Variety of foods provides necessary vitamins and minerals    
 Strongly agree 17 30 .02* 
 Somewhat agree 26 22 
 Somewhat disagree 9 2 
 Strongly disagree 2 0 
Know what antioxidants are    
 Strongly agree 5 26 .00* 
 Somewhat agree 33 26 
 Somewhat disagree 11 2 
 Strongly disagree 5 0 
Understand effects of antioxidants    
 Strongly agree 5 23 .00* 
 Somewhat agree 24 26 
 Somewhat disagree 16 3 
 Strongly disagree 9 1 
Which of the following is an antioxidant?    
 Correct 13 20 .66 
 Incorrect 39 34 
How many fruits and vegetables should people eat each day?    
 1 1 0 .00* 
 2 2 1 
 3 11 1 
 4 7 0 
 5 or more 33 52 
*Indicates significant difference in response from pre-test to post-test. 
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perceived general health (35.2%) and strongly agreed that what a person eats can make a big 
difference in his or her chance of getting a disease like heart disease or cancer (87.0%) compared 
to pre-test (24.1%; 72.2%). However, these relationships were not significant.  
Chi square tests for independence also indicated significant relationships between 
participants‟ actual knowledge of fruit and vegetable recommendations and time point. 
Specifically, more participants were able to correctly identify the number of servings of fruits 
and vegetables recommended each day at post-test (94.4%) compared to pre-test (61.1%), χ2 = 
(1, N = 107) = 19.55, p = .00. The effect was medium (Φ = .43, Cramer‟s V = .43). More 
participants at post-test were also able to correctly identify an example of an antioxidant when 
provided with a list of vitamins and minerals compared to pre-test, but a significant relationship 
between identification of an antioxidant and time point was not indicated. 
Participants‟ responses to knowledge, attitude, and behavior questions at post-test are 
depicted in Table 5. Prior to the intervention, no significant relationships existed between 
intervention group and knowledge, attitudes, and behaviors related to fruits and vegetables. 
Following the intervention, significant relationships were observed between knowledge 
regarding the impact of fruit and vegetable consumption on health and intervention group. A chi 
square test for independence indicated a significant relationship between being able to correctly 
identify the recommended daily number of fruit and vegetable servings and intervention group, 
χ2 = (2, N = 54) = 10.39, p = .01, Φ = .44, Cramer‟s V = .31. Follow-up pairwise comparisons 
revealed significant differences between the control and education group (χ2 = (1, N = 28) = 
4.55, p = .03) and between the control and fruit and vegetable group (χ2 = (1, N = 35) = 6.13, p = 
.01). Participants in the education and fruit and vegetable groups were 2.7 and 3.7 times more 
likely to correctly identify the recommended daily number of fruit and vegetables servings  
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Table 5 
Responses to Knowledge, Attitude, and Behavior Questions at Post-test 
 
 
 
Characteristic 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable 
group  
(n = 26) 
 
 n n n p value 
Identify the correct number of servings of fruits 
and vegetables each day 
    
 Yes 7 19 26 .01* 
 No 2 0 0  
Identify diseases and conditions that may be 
improved by eating fruits and vegetables 
    
 Yes 7 19 26 .06 
 No 1 0 0  
Feel strongly that eating fruits and vegetables will 
reduce disease risk 
    
 Yes 5 19 26 .00* 
 No 4 0 0  
Feel canned and frozen fruits and vegetables are 
just as good as fresh 
    
 Yes 1 15 24 .00* 
 No 6 3 2  
Importance of eating plenty of fruits and vegetables     
 Very important 3 14 23 .01* 
 Somewhat important 5 5 3 
 Not too important 1 0 0 
 Not at all important 0 0 0 
Know what antioxidants are     
 Strongly agree 2 8 16 .01* 
 Somewhat agree 5 11 10 
 Somewhat disagree 2 0 0 
 Strongly disagree 0 0 0 
6
1
 
 
62 
 
 
Table 5 (Continued)  
 
Understand effects of antioxidants     
 Strongly agree 2 6 16 .00* 
 Somewhat agree 4 12 10 
 Somewhat disagree 3 0 0 
 Strongly disagree 0 1 0 
Tried to follow a healthier diet     
 Yes 2 18 26 .00* 
 No 6 1 0  
Willing to try different fruits and vegetables     
 Yes 5 19 25 .00* 
 No 3 0 0  
Eat more fruits and vegetables because feel they 
are good for you 
    
 Yes 4 18 26 .00* 
 No  3 1 0 
Have replaced foods previously consumed with 
fruits and vegetables 
    
 Yes 3 14 24 .00* 
 No 5 5 1  
Tried different ways to prepare fruits and 
vegetables 
    
 Yes 2 13 23 .00* 
 No 7 6 3 
Eat more dark green vegetables     
 Yes 2 11 17 .10 
 No 6 8 8 
*Indicates significant difference in response between intervention groups.  
6
2
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compared to control group participants. All (100%) participants in both the education and fruit 
and vegetable groups also reported being able to identify diseases and conditions that may be 
decreased by a diet high in fruits and vegetables, but this proportion was not different than the 
proportion of control group participants (77.8%). 
Relationships also existed between attitudes and intervention group at post-test. 
Specifically, intervention group and attitude regarding the ability of fruit and vegetable 
consumption to reduce risk of disease were found to be significantly related, χ2 = (2, N = 54) = 
21.60, p = .00. The effect size was large (Φ = .63, Cramer‟s V = .63). Follow-up pairwise 
comparisons revealed significant differences between the control and education group (χ2 = (1, N 
= 28) = 9.85, p = .00) and between the control and fruit and vegetable group (χ2 = (1, N = 35) = 
13.05, p = .00). Participants in the education and fruit and vegetable groups were 3.8 and 5.2 
times more likely to indicate that eating fruits and vegetables can help reduce risk of disease 
compared to control group participants. A significant relationship was also observed between 
intervention group and attitude regarding the importance of including plenty of fruits and 
vegetables in the diet, χ2 = (4, N = 54) = 13.19, p = .01. The effect was medium (Φ = .49, 
Cramer‟s V = .35). Follow-up pairwise comparisons indicated a significant difference between 
the control and fruit and vegetable group (χ2 = (1, N = 35) = 11.29, p = .00), with fruit and 
vegetable group participants being 7.7 times more likely than control group participants to report 
that it is very important to include plenty of fruits and vegetables in the diet.   
Seventy-nine percent of education and 88.9% of fruit and vegetable group participants 
reported believing that canned and frozen vegetables are just as good for people as fresh fruits 
and vegetables, a perception that was reported by 11.1% of control group participants, χ2 = (2, N 
= 51) = 20.24, p = .00. The effect size was large (Φ = .63, Cramer‟s V = .63). Follow-up pairwise 
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comparisons revealed significant differences between the control and education group (χ2 = (1, N 
= 28) = 10.43, p = .00) and between the control and fruit and vegetable group (χ2 = (1, N = 35) = 
18.28, p = .00). Finally, significant relationships between intervention group and agreement to 
statements regarding antioxidants were observed. When asked if they know what antioxidants 
are, differences in responses were seen between groups, χ2 = (4, N = 54) = 13.35, p = .01, Φ = 
.50, Cramer‟s V = .50. Specifically, a significant difference was indicated between the control 
and fruit and vegetable group (χ2 = (1, N = 35) = 8.24, p = .02). Participants in the fruit and 
vegetable group were 8.0 times more likely to report that they know what antioxidants are 
compared to control group participants. Similar results were noted when participants were asked 
if they understand the effects of antioxidants in the body, χ2 = (3, N = 54) = 21.68, p = .00; Φ = 
.64, Cramer‟s V = .45. Fruit and vegetable group participants were 8.0 times more likely to 
report understanding compared to participants in the control group (χ2 = (1, N = 35) = 10.74, p = 
.01).  
At post-test, chi square tests for independence also indicated significant relationships 
between intervention group and behaviors, including having tried to follow a healthier diet, being 
more willing to try different fruits and vegetables, eating more fruits and vegetables, and 
replacing energy-dense, nutrient-poor foods previously consumed with fruits and vegetables. 
Over 90% of participants in the education group and 100% of participants in the fruit and 
vegetable group reported having tried to follow a healthier diet compared to only 22.2% of 
control group participants, χ2 = (2, N = 53) = 31.65, p = .00. The effect size was large (Φ = .77, 
Cramer‟s V = .77). Follow-up pairwise comparisons revealed significant differences between 
both the control and education groups (χ2 = (1, N = 28) = 14.26, p = .00) and control and fruit 
and vegetable groups (χ2 = (1, N = 28) = 23.68, p = .00). Similarly, participants who received 
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nutrition education were more likely to report eating more fruits and vegetables because they 
think they are good for them, χ2 = (2, N = 52) = 14.52, p = .00. This was a large effect (Φ = .53, 
Cramer‟s V = .53) with participants in the education and fruit and vegetable groups being 4.5 and 
6.5 times more likely to report increased consumption compared to control group participants.  
In addition, 100% of education group participants and 96.2% of fruit and vegetable group 
participants reported being more willing to try different fruits and vegetables compared to 55.6% 
of control group participants, χ2 = (2, N = 52) = 17.51, p = .00. The effect size was large (Φ = 
.58, Cramer‟s V = .58). Follow-up pairwise comparisons revealed significant differences 
between the control and education group (χ2 = (1, N = 28) = 8.02, p = .01) and between the 
control and fruit and vegetable group (χ2 = (1, N = 35) = 10.31, p = .00). Participants in the 
education and fruit and vegetable groups were 3.8 and 5.0 times more likely to try different fruits 
and vegetables compared to control group participants. In addition, the majority of participants in 
the education and fruit and vegetable groups reported having tried different ways to prepare 
vegetables, χ2 = (2, N = 52) = 14.12, p = .00. These were large effects (Φ = .58, Cramer‟s V = 
.58; Φ = .51, Cramer‟s V = .51). Differences between control and education (χ2 = (1, N = 28) = 
5.24, p = .02) and between control and fruit and vegetable group (χ2 = (1, N = 35) = 14.37, p = 
.00) were indicated.  
At post-test, 96% of participants in the fruit and vegetable group reported replacing 
energy-dense, nutrient-poor foods previously consumed with fruits and vegetables. This 
represented a significantly higher proportion of participants than the control group, from which 
37.5% reported substituting fruits and vegetables for energy-dense, nutrient-poor foods, χ2 = (2, 
N = 52) = 12.91, p = .00. The effect size was medium (Φ = .50, Cramer‟s V = .50). The majority 
of education and fruit and vegetable group participants also reported eating more dark green 
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vegetables (57.9% education, 68.0% fruit and vegetable) but these proportions were not 
significantly different than those in the control group (25.0%). 
Discussion 
 This study investigated the effects of a 10-week nutrition education intervention on 
knowledge, attitudes, and behaviors related to fruit and vegetable consumption among 
overweight and obese adults. Results indicated that at pre-test, few participants had received 
information on healthy eating, cooking, or antioxidants yet the majority reported concern 
regarding risk of chronic disease and expressed interest in learning more about how fruit and 
vegetable consumption could help decrease disease risk. Following the intervention, significant 
improvements in knowledge, attitudes, and behaviors regarding fruit and vegetable consumption 
were observed. This suggests that modifiable barriers, including knowledge and attitudes, were 
improved, thereby potentially increasing the likelihood of behavior change. 
Knowledge as a determinant of fruit and vegetable intake has been widely studied though 
results of its effectiveness have been mixed. Haleem, Barton, Borges, Crozier, and Anderson 
(2008) argued that knowledge of the antioxidant content of fruits and vegetables might serve to 
encourage a higher consumption, particularly of those known to have the highest antioxidant 
capacity. In the present study, improvement in knowledge regarding antioxidants over time was 
evident. There were also differences between groups, with more of the participants in the 
education and fruit and vegetable groups demonstrating knowledge and understanding of 
antioxidants compared to control group participants. Knowledge of the recommended daily 
number of fruit and vegetable servings also improved from pre-test to post-test among 
participants who attended weekly nutrition lessons. These findings support previous research 
67 
 
indicating the necessity of knowledge in order to produce behavior change (Guillaumie et al., 
2010; Haleem et al., 2008).  
While knowledge of fruit and vegetable consumption recommendations was improved 
among those who attended weekly nutrition education sessions compared to the control group, 
knowledge of health benefits associated with fruits and vegetables was not. At the end of the 
study, an increased number of participants in all three groups were able to recognize an example 
of an antioxidant and identify diseases and conditions that may be decreased by a diet high in 
fruits and vegetables. These findings indicate that while additional knowledge was gained by 
participating in the intervention, adults in this study were already knowledgeable about benefits 
associated with fruit and vegetable consumption. Taken together, the improvements in 
knowledge and lack thereof observed among participants are consistent with discrepancies 
regarding the effects of knowledge on behavior change. While some have noted knowledge to be 
an important determinant to increased fruit and vegetable consumption (Guillaumie et al., 2010), 
others have noted that knowledge alone has limited effectiveness (Chapman, 2010).  
A greater degree of consistency among adults in the nutrition education intervention 
groups was noted in regard to changes in attitude and subsequent behavior change. Following the 
intervention, participants were more confident about the benefits of, and more willing to try, 
fruits and vegetables. Reported behavior changes included following a healthier diet and eating 
more fruits and vegetables. Similar improvements have been noted in previous research. In a 
study of changes in intention, planning, and self-efficacy as it relates to fruit and vegetable 
consumption, it was found that self-efficacy was a key factor in changing fruit and vegetable 
behavior in adults (Reuter et al., 2010). Thus, attitudes regarding potential health benefits of fruit 
and vegetable intake may be improved, and subsequent increases in consumption observed, by 
68 
 
providing nutrition education focused on increasing adults‟ self-efficacy related to fruit and 
vegetable consumption. 
Additional determinants of fruit and vegetable consumption identified in the literature 
include convenience, exposure, cost, and taste. Throughout the nutrition lessons, simple recipes 
specific to the fruit or vegetable emphasized in the lesson were provided to participants in the 
education and fruit and vegetable groups. In addition, cooking demonstrations and taste-testing 
were provided. This resulted in increased willingness to consume a variety of fruits and 
vegetables, utilize healthier ways of preparing fruits and vegetables, and substitute fruits and 
vegetables for energy-dense, nutrient-poor foods. Similar increases in consumption of fruits and 
vegetables following increased exposure were observed by Kidd and Peters (2010). These 
findings suggest that education regarding fruits and vegetables, including how to purchase, store, 
clean, and prepare them, combined with actual cooking demonstrations, increases adults‟ 
exposure to fruits and vegetables and may improve their consumption patterns.  
Economic determinants have been the focus of many studies examining fruit and 
vegetable consumption. The majority of participants in the current study reported that fruits and 
vegetables are expensive. However, Powell, Kazlauskaite, Shima, and Appelhans (2010) noted 
that availability of fruits and vegetables may be more relevant to understanding of consumption 
compared to cost. A related factor is the form of fruits and vegetables being purchased and 
consumed. While much emphasis has been placed on intake of fresh fruits and vegetables, 
alternative forms such as canned and frozen also exist and have comparable nutritional benefits. 
This is important because research findings have indicated that the perishable nature of fresh 
fruits and vegetables can contribute to decreased likelihood of individuals purchasing these items 
(Kidd & Peters, 2010). Since the majority of participants in all three groups agreed that their 
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grocery store has a wide selection of fruits and vegetables, and since those receiving nutrition 
education reported increased acceptance of the nutritional quality and lower price of canned and 
frozen fruits and vegetables, availability of fruits and vegetables did not appear to be a 
significant determinant of consumption. 
At pre-test, the majority of participants reported liking the way most vegetables taste and 
this was reflected in reports of increased consumption at post-test, particularly among those who 
received fruits and vegetables throughout the intervention. However, findings from previous 
research regarding taste as a determinant of fruit and vegetable consumption are mixed. Both 
Guillaumie et al. (2010) and Wenrich, Brown, Miller-Day, Kelley, and Lengerich (2010) found 
that aversion to vegetable intake among study participants was primarily related to taste. In fact, 
those vegetables deemed to have the most pleasant taste, including corn, peas, and carrots, were 
touted as the most rewarding vegetables (Wenrich et al., 2010). Alternatively, in their study of 
vegetable consumption of adults, Rolls, Roe, and Meengs (2010) found that participants rated 
two versions of the same vegetable, one with substantially higher butter content, equally in 
regard to pleasantness of taste. Despite some studies indicating taste as a significant determinant 
of fruit and vegetable intake while others have found taste to play a small role in influencing 
consumption, it has been suggested that taste preference be accounted for when developing 
interventions aimed at increasing vegetable intake (Rolls et al., 2010). Additional research 
examining taste preferences and both reported and actual consumption of vegetables is 
recommended. 
Limitations 
Despite recruitment from two communities with a combined population of 135,000 
residents, the final sample consisted of adults who were predominantly female, Caucasian, and 
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college-educated. Thus, participants‟ fruit and vegetable-related knowledge prior to the 
intervention may have been high compared to the general population. Another limitation was the 
unequal sample size of the intervention groups, which may have hindered the probability of 
detecting significant differences between groups. An additional limitation was that follow-up 
was not conducted. Thus, it is unknown if improvements in knowledge, attitudes, and behaviors 
related to fruit and vegetable consumption were maintained following the conclusion of the 
study.  
Conclusion 
The present study suggests that community-based nutrition education can increase 
knowledge and improve attitudes regarding fruit and vegetable consumption, thereby leading to 
behavior change among overweight and obese adults. In addition, provision of fruits and 
vegetables was found to contribute additional improvements in fruit and vegetable-related 
attitudes and behaviors. The main determinants observed to impact behavior in this study 
included attitudes, knowledge, and exposure, more so than availability. Thus, nutrition 
intervention programs designed for overweight and obese adults need to thoroughly address 
participants‟ attitudes, knowledge, and provide exposure to fruits and vegetables. While these 
findings contribute to the body of evidence regarding the influence of nutrition education and 
provision of fruits and vegetables on consumption-related behaviors, additional research is 
warranted. Longitudinal studies of overweight and obese adults are needed to assess if 
improvements in fruit and vegetable-related knowledge and attitudes lead to sustainable 
improvements in fruit and vegetable consumption, subsequent weight loss, and decreased disease 
risk in overweight and obese adults. 
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NUTRITION EDUCATION IS EFFECTIVE IN INCREASING  
FRUIT AND VEGETABLE CONSUMPTION AMONG  
OVERWEIGHT AND OBESE ADULTS  
Abstract 
Despite the benefits of fruit and vegetable consumption on weight and decreased risk for 
chronic disease, Americans‟ intake of fruits and vegetables is well below the recommended daily 
servings. While previous studies have assessed fruit and vegetable consumption and the 
influence of educational interventions on fruit and vegetable intake, no studies to date have 
examined the effects of nutrition education combined with provision of fruits and vegetables on 
changes in fruit and vegetable consumption among overweight and obese adults. The objectives 
of this study were to evaluate fruit and vegetable consumption patterns, including intake of 
antioxidant-rich fruits and vegetables, provide education about benefits of consuming fruits and 
vegetables, expose participants to different varieties of fruits and vegetables, and improve fruit 
and vegetable consumption. Fifty-four adults (19 men/35 women; 44.7 ± 12.1 y) were randomly 
assigned to one of three intervention groups. The control group received no intervention, the 
education group attended weekly nutrition lessons focused on benefits of fruit and vegetable 
consumption, and the fruit and vegetable group attended weekly nutrition lessons and received 
one serving of fruits and two servings of vegetables per day for 10 weeks. Intake of fruits and 
vegetables was assessed using semi-quantitative food frequency questionnaires and three-day 
food records. Findings suggested that while the majority of participants failed to consume the 
recommended number of servings of fruits and vegetables per day, nutrition education was 
helpful in improving the consumption of antioxidant-rich fruits and vegetables among 
overweight and obese adults. 
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Introduction 
As of 2010, a total of 36 states in the U.S. had prevalence of obesity greater than or equal 
to 25% (Centers for Disease Control and Prevention [CDC], 2011, July 21). The increase in 
obesity is particularly concerning because of the multitude of health consequences resulting from 
excess weight. Obesity is associated with coronary heart disease, type 2 diabetes mellitus, 
various cancers, hypertension, dyslipidemia, stroke, sleep apnea, osteoarthritis, and reproductive 
problems (CDC, 2009, August 19; National Heart, Lung, and Blood Institute, 2011). In fact, 
more than 85% of people diagnosed with type 2 diabetes mellitus are overweight at time of 
diagnosis. Similarly, obese individuals are more likely to develop hypertension and 
hyperlipidemia, which increase the risk of myocardial infarction and stroke (National Institute of 
Diabetes and Digestive and Kidney Diseases, 2007). 
Changes in dietary intake are necessary in order to achieve weight loss in overweight and 
obese individuals. Consumption of fruits and vegetables is often recommended because of their 
excellent nutrient profile, high dietary fiber content, and generally low caloric content. Research 
has demonstrated that consumption of fruits and vegetables in place of foods with higher energy 
density can greatly impact energy balance and aid in weight loss (Schroder, 2010). Despite 
potential benefits, Americans‟ consumption of fruits and vegetables is poor compared to 
recommended amounts. According to the CDC (2010, September 10), only 14% of U.S. adults 
consume the recommended goal of two or more servings of fruits and three or more servings of 
vegetables each day. Lower than recommended consumption of fruits and vegetables has been 
seen repeatedly in different adult cohorts with overall consumption in some actually decreasing 
over time (Schroder, 2010). For example, rates of meeting daily fruit and vegetable 
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recommendations among overweight and obese adults in the U.S. significantly decreased from 
22.6% to 21.5% between 1996 and 2003 (Andreyeva, Long, Henderson, & Grode, 2010). 
Previous studies have assessed fruit and vegetable consumption (Chapman, 2010; 
Guillaumie, Godin, & Vezina-Im, 2010; Kidd & Peters, 2010; Powell, Kazlauskaite, Shima, & 
Appelhans, 2010; Wang & Coups, 2010; Wenrich, Brown, Miller-Day, Kelley, & Lengerich, 
2010) and the influence of educational interventions on fruit and vegetable consumption 
(Chapman, 2010; Guillaumie et al., 2010; Ransley et al., 2010). Findings from these studies 
suggest that several factors, including knowledge, beliefs, cost, convenience, and taste, are 
determinants of successful behavior change related to fruit and vegetable consumption. 
However, no studies to date have examined the effects of nutrition education and provision of 
fruits and vegetables on changes in fruit and vegetable consumption. This study was designed to 
determine the effectiveness of a community-based fruit and vegetable education program and 
provision of fruits and vegetables on changes in fruit and vegetable consumption among 
overweight and obese adults. Goals were to evaluate fruit and vegetable consumption patterns, 
including intake of antioxidant-rich fruits and vegetables, provide education about benefits of 
consuming fruits and vegetables, expose participants to different varieties of fruits and 
vegetables, and ultimately improve fruit and vegetable consumption among participants.  
Methods 
Participants 
A convenience sample of 67 male and female adults with a body mass index (BMI) of 25 
kg/m
2
 or greater was recruited from two neighboring communities with a combined population 
of approximately 135,000 residents. Information about the study, inclusion criteria, and contact 
information were posted on flyers that were distributed to businesses throughout the 
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communities and sent out electronically via email. Exclusion criteria included being under18 
years of age, a current smoker, having a BMI lower than 25 kg/m
2
, or having a history of 
bariatric surgery. All participants were provided with information on the purpose, procedures, 
and potential benefits of the study, and written informed consent was obtained from each person. 
Study protocol was approved by the university‟s institutional review board prior to 
implementation.   
Fifty-four participants completed the study, which represented an attrition of 13 
participants (19.4%) over a 14-week period. Of the 13 participants who dropped out of the study, 
10 dropped out immediately upon learning about which intervention group they were randomly 
assigned while the other three individuals dropped out because of an inability to attend the 
weekly education sessions due to conflicting schedules. No significant differences in gender, 
ethnicity, marital status, education completed, annual household income, or age existed between 
those who participated and those who dropped out. The final sample included 9 participants in 
the control group (18.2% attrition), 19 in the education group (34.5% attrition), and 26 in the 
fruit and vegetable group (3.7% attrition). Sample sizes varied depending on the number of 
participants who completed each assessment.  
Procedures 
The study was conducted in fall 2011 and consisted of three phases over a 14-week 
period: pre-testing (2 weeks), intervention (10 weeks), and post-testing (2 weeks). At pre-testing 
and post-testing, demographic information was self-reported on a questionnaire, and included 
age, gender, race/ethnicity, education level, annual income, and marital status.  
Food and nutrient intakes at pre- and post-testing were assessed using a three-day food 
record. Validity of food records in assessment of energy and nutrient intake has been 
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demonstrated in previous studies of adults (Comrie, Masson, & McNeill, 2009; Drapeau et al., 
2007; Shuaibi, Sevenhuysen, & House, 2008). Three-day food records have been observed to 
provide comparable accuracy as seven-day food records, require less participant burden, and 
result in improved compliance (Larkin, Metzner, & Guire, 1991). Participants were provided 
with instructions and asked to record by hand everything they ate or drank over the course of two 
weekdays and a weekend day. To ensure accuracy, participants were encouraged to record foods 
and beverages as they consumed them over the three-day period. Data collected from the three-
day food records were analyzed using The Food Processor® (ESHA Research, Salam, OR). A 
Registered Dietitian entered the food type and quantity recorded into the program for analysis. 
To ensure validity, all data were entered by the same individual. Participant‟s age, gender, 
height, weight, and physical activity level were also entered into the program to allow for 
comparison with U.S. Dietary Guideline recommendations (U.S. Department of Health and 
Human Services [HHS], 2010) for servings from each food group.  
Information about habitual fruit and vegetable intake was assessed using two 
questionnaires, a pre-test and post-test. These semi-quantitative food frequency questionnaires 
were developed by nutrition experts in the Department of Food and Nutrition at The University 
of Georgia (Garcia, 2005) and are based on the Block Food Frequency Questionnaire, which has 
been demonstrated to have validity and reliability (Garcia, 2005). Modifications to the original 
questionnaires have been recommended previously (Garcia, 2005; Wade, 2003) and included the 
addition of foods to the food frequency questionnaire as well as questions assessing knowledge, 
attitudes, and behaviors regarding fruit and vegetable consumption. In addition, a tenth 
frequency category (0/week) was added. Modifications to the food frequency questionnaire 
included the addition of oranges, grapefruit, and tangerines and fresh tomatoes (Wade, 2003), 
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and addition of „prepared with tomato or vegetable sauce‟ to spaghetti or lasagna. On the pre-
test, modifications included the addition of the following questions: (a) Do you eat more fresh 
fruits and vegetables when they are in season? If yes, which fruits and vegetables?; (b) Do you 
feel that fruits and vegetables are expensive?; (c) How are the fruits and vegetables that you eat 
usually prepared? (Wade, 2003); (d) Do you feel canned and frozen fruits and vegetables are just 
as good for you as fresh fruits and vegetables?; and (e) Are you concerned about chronic 
diseases, such as cancer or heart disease? (Garcia, 2005). Modifications to the post-test included 
the addition of the following: (a) Because of the information you learned in the lessons, do you 
think you are more willing to try different fruits and vegetables?; and (b) Because of the 
information you learned in the lessons, did you replace foods previously consumed with fruits 
and vegetables? (Garcia, 2005). 
The modified pre-test and post-test food frequency questionnaires included 18 items, with 
six fruit items (100% orange juice, 100% cranberry/apple/purple grape juice, berries such as 
strawberries/blueberries/blackberries, nectarines/peaches/apricots, 
oranges/grapefruits/tangerines, and cantaloupe/honeydew melon), and 12 vegetable items 
(broccoli/cabbage/cauliflower, leafy greens such as mustard greens/turnip greens/collard greens, 
corn, cooked or stewed tomatoes, spaghetti/lasagna with tomato or vegetable sauce, onions, 
squash/zucchini, spinach, sweet potatoes/yams, carrots, and baked beans/pintos/black-eyed 
peas/other beans). These particular fruits and vegetables were included on the questionnaires 
because they are known to contain a high concentration of antioxidants and consumption of them 
has been associated with reduced risk of chronic disease (Garcia, 2005). Consumption frequency 
was measured using 10 frequency categories (0/week, less than 1/week, 1/week, 2/week, 3/week, 
4/week, 5/week, 6/week, 1/day, or 2/day) for each food item. Additional information about 
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knowledge, attitudes, and access to fruits and vegetables was assessed by binary response (yes, 
no) to 21 questions/statements on the pre-test questionnaire. Six of these questions/statements 
were also included on the post-test questionnaire while the remaining 15 were specific to the pre-
test questionnaire. 
Following pre-testing, participants were randomly assigned to one of three intervention 
groups: control, education, or fruit and vegetable. Random assignment was achieved using a 
table of random numbers (Thomas, Nelson, & Silverman, 2005). The final sample included 11 
participants in control, 29 in education, and 27 in the fruit and vegetable group. Participants 
assigned to the control group received no intervention. However, they were given the option of 
receiving the information about fruits and vegetables provided to other participants after the 
intervention was over. Participants in the education group received weekly information about the 
antioxidant content of fruits and vegetables, the role of antioxidants in the inflammatory process, 
and the current recommendations for fruit and vegetable consumption. Participants assigned to 
the fruit and vegetable group received the same information as participants in the education 
group. In addition, they received recommendations for incorporating fruits and vegetables into 
their current meal plan and samples of fruits and vegetables. The samples included fresh, frozen, 
or canned fruits and vegetables and were provided to participants at the weekly nutrition 
education sessions. The quantity provided to each fruit and vegetable group participant was the 
equivalent of one serving of fruits and two servings of vegetables per day for a week because on 
average, Americans fail to meet the recommended servings of fruits and vegetables by these 
amounts (CDC, 2007, March 16). Servings provided were consistent with the serving sizes listed 
in the 2010 U.S. Dietary Guidelines for Americans (HHS, 2010). Participants in the fruit and 
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vegetable group were encouraged to consume these fruits and vegetables as a supplement to their 
usual fruit and vegetable intake.  
All weekly nutrition lessons were approximately 30 minutes in duration and were taught 
by licensed, registered dietitians. All education sessions were held at a local university and 
attendance was taken to discourage attrition. Curriculum materials, developed by nutrition 
experts in the Department of Food and Nutrition at The University of Georgia (Garcia, 2005; 
Johnson et al., 2003), were used for the nutrition lessons. This curriculum was chosen because it 
was consistent with the purpose of the study, had been used for previous research (Garcia, 2005; 
Hendrix et al., 2008; Wade, 2003), and was readily available to the public via the Internet 
(Johnson et al., 2003). Curriculum materials included handouts describing how to purchase and 
store fruits and vegetables, nutrient content of various fruits and vegetables, and suggestions for 
incorporating fruits and vegetables into meals and snacks.   
The intervention was based on the Health Belief Model, which includes perceived 
susceptibility to disease, perceived severity of disease, perceived barriers, and self-efficacy 
(Reuter et al., 2010). These components were addressed throughout the nutrition lessons. 
Education regarding how consumption of fruits and vegetables can help lower the risk for 
chronic diseases was aimed at addressing perceived susceptibility to disease. Information about 
how to purchase, store, clean, prepare, and incorporate fruits and vegetables into meals and 
snacks was provided in order to address perceived barriers and self-efficacy. In addition, samples 
of fruits and vegetables were provided to participants in the fruit and vegetable group in order to 
overcome the barriers of cost and exposure. Finally, information regarding positive outcomes 
associated with increased intake of fruits and vegetables was provided in order to encourage 
behavior change (Garcia, 2005). 
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After conclusion of the intervention, post-testing was initiated in order to evaluate 
changes in fruit and vegetable consumption. The post-test questionnaire included the same listing 
of fruits and vegetables and six binary response questions as the pre-test questionnaire. In 
addition, the post-test questionnaire featured 12 additional binary response questions to assess 
behavior change.  
Statistical Analysis 
All statistical analyses were performed using PASW version 18.0 (SPSS Inc., Chicago, 
IL). Chi square analyses were used to assess differences among intervention groups in regard to 
demographics. The mean fruit and vegetable consumption frequency was calculated based on the 
conversion factor shown in Table 6. Descriptive statistics, including frequencies, means, 
standard error of the mean, and standard deviations were generated for all participants that 
completed both pre-test and post-test. Paired sample t-tests were utilized to determine mean 
differences in fruit and vegetable consumption from pre-test to post-test for all participants and 
within the three groups: control, nutrition education, and fruit and vegetable. One-sample t-tests 
were then conducted to evaluate how participants‟ actual consumption of fruits and vegetables, 
according to three-day food records, compared to recommended servings of fruits and vegetables 
according to the U.S. Dietary Guidelines (HHS, 2010). Finally, one-way ANOVAs were used to 
test the hypothesis that nutrition education and/or nutrition education with the provision of fruits 
and vegetables had a differential effect on fruit and vegetable consumption from pre-test to post-
test compared to no intervention (control group). An alpha level of < .05 was selected to indicate 
statistical significance. 
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Table 6 
 
Calculations for the Mean Fruit and Vegetable Consumption Frequency 
 
Frequency Indicated on FFQ Conversion to Weekly Frequency 
for Statistical Analysis (x7) 
Never 0 
Less than 1 per week .07 
1 per week .14 
2 per week .29 
3 per week .43 
4 per week .57 
5 per week .71 
6 per week .86 
1 per day 1.0 
2 per day 2.0 
Note. FFQ = food frequency questionnaire. 
 
Results 
Baseline characteristics for all participants are depicted in Table 7. Participants were 
predominantly female (64.8%), white (92.5%), married or partnered (75.9%), and reported an 
annual household income in the range of $50,000-$99,999 (44.4%). Chi square tests for 
independence did not indicate differences in proportions in regard to gender (male, female), 
ethnicity (white, non-white), relationship status (married, other), or reported annual household 
income (<$39,999, >$40,000) among participants.  
Responses on the food frequency questionnaire are depicted in Tables 8 and 9. The 
following fruits and vegetables were self-reported as being consumed once a week or less by 
greater than or equal to 50% of all participants at pre-test: orange juice (75.5%), 
cranberry/apple/grape juice (88.7%), berries (60.4%), nectarines/peaches/apricots (81.1%), 
broccoli/cabbage/cauliflower (54.7%), oranges/grapefruits/tangerines (71.7%), 
cantaloupe/honeydew (83.0%), leafy greens (69.8%), corn (73.6%), cooked tomatoes (62.3%),  
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Table 7 
Characteristics of Participants 
 
 
Characteristic 
Total  
sample  
(N = 54) 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable 
group 
(n = 26) 
 n n n N 
Gender      
 Male 19 5 8 6 
 Female 35 4 11 20 
Ethnicity      
 White 50 7 19 24 
 Asian 3 2 0 1 
 Latin American 1 0 0 1 
Marital status      
 Single 7 1 2 4 
 Married/Partnered 41 7 14 20 
 Divorced 5 1 2 2 
 Widowed 1 0 1 0 
Education completed     
 High school/GED 3 0 3 0 
 Some college 6 2 2 2 
 2-year college degree 6 0 3 3 
 4-year college degree 18 3 5 10 
 Master‟s degree 14 2 5 7 
 Professional/Doctoral degree 7 2 1 4 
Annual household income      
 $10,000-$49,999 18 2 6 10 
 $50,000-$99,999 24 5 10 9 
 $100,000-$149,999 10 2 2 6 
 More than $150,000 2 0 1 1 
Age (y, mean ± S.D.) 44.7 ± 12.1 41.4 ± 13.3 45.5 ± 11.9 45.2 ± 12.1 
Note. y = years; S.D. = standard deviation. 
8
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Table 8 
Individual Fruit and Vegetable Consumption  
 
 
Variable Name  
Total  
sample  
(N = 53) 
Control  
group 
(n = 9) 
Education 
group 
(n = 19) 
Fruit and Vegetable 
group 
(n = 25) 
 Pre Post Pre Post Pre Post Pre Post 
Orange juice         
 0-1 times/week 40 34 9 7 14 11 17 16 
 2-3 times/week 8 10 0 1 3 4 5 5 
 4-5 times/week 3 6 0 0 1 4 2 2 
 6+ times/week 2 3 0 1 1 0 1 2 
 Mean (times) ± S.E./week 1.0 ± .2 1.6 ± .4 .1 ± .1 1.8 ± 1.5 1.1 ± .4 1.5 ± .4 1.3 ± .4  1.6 ± .4 
          
Cranberry/Apple/Grape juice         
 0-1 times/week 47 43 8 7 17 13 22 23 
 2-3 times/week 2 5 0 1 1 3 1 1 
 4-5 times/week 2 3 0 0 1 3 1 0 
 6+ times/week 2 2 1 1 0 0 1 1 
 Mean (times) ± S.E./week .7 ± .2 .9 ± .2 .9 ± .8 1.1 ± .8 .6 ± .3 1.2 ± .4 .7 ± .3 .6 ± .3 
          
Berries         
 0-1 time/week 32 25 6 6 11 10 15 9 
 2-3 times/week 18 21 2 3 7 5 9 13 
 4-5 times/week 3 4 1 0 1 3 1 1 
 6+ times/week 0 3 0 0 0 1 0 2 
 Mean (times) ± S.E./week 1.4 ± .2 2.0 ± .3 1.2 ± .5 .8 ± .4 1.4 ± .3 2.3 ± .7 1.4 ± .3 2.2 ± .4 
          
Nectarine/Peach/Apricot         
 0-1 times/week 43 44 9 9 16 17 18 18 
 2-3 times/week 7 8 0 0 2 2 5 6 
 4-5 times/week 2 1 0 0 1 0 1 1 
 6+ times/week 1 0 0 0 0 0 1 0 
 Mean (times) ± S.E./week .9 ± .2 .6 ± .1 .1 ± .1 .0 ± .0 .7 ± .3 .4 ± .2 1.2 ± .4 .9 ± .3 
  
 
 
        
8
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Table 8 (Continued) 
 
Broccoli/Cabbage/Cauliflower         
 0-1 times/week 29 23 3 6 14 8 12 9 
 2-3 times/week 20 22 5 3 4 10 11 9 
 4-5 times/week 3 5 1 0 1 0 1 5 
 6+ times/week 1 3 0 0 0 1 1 2 
 Mean (times) ± S.E./week 1.5 ± .2 1.9 ± .2 1.7 ± .4 1.2 ± .3 1.2 ± .3 1.6 ± .4 1.7 ± .3 2.4 ± .4 
          
Orange/Grapefruit/Tangerine         
 0-1 times/week 38 24 6 7 13 7 19 10 
 2-3 times/week 13 21 2 1 5 10 6 10 
 4-5 times/week 2 7 1 1 1 2 0 4 
 6+ times/week 0 1 0 0 0 0 0 1 
 Mean (times) ± S.E./week 1.0 ± .2 1.8 ± .2 1.3 ± .6 1.1 ± .5 1.0 ± .3 1.7 ± .3 .9 ± .2 2.1 ± .4 
          
Cantaloupe/Honeydew         
 0-1 times/week 44 44 8 9 17 15 19 20 
 2-3 times/week 7 8 0 0 1 3 6 5 
 4-5 times/week 2 0 1 0 1 0 0 0 
 6+ times/week 0 1 0 0 0 1 0 0 
 Mean (times) ± S.E./week .9 ± .2 .6 ± .2 .8 ± .5 .0 ± .0 .8 ± .3 1.0 ± .4 1.0 ± .2 .6 ± .2 
          
Leafy greens         
 0-1 times/week 37 24 6 5 13 9 18 10 
 2-3 times/week 12 15 3 2 6 7 3 6 
 4-5 times/week 4 12 0 2 0 3 4 7 
 6+ times/week 0 2 0 0 0 0 0 2 
 Mean (times) ± S.E./week 1.1 ± .2 2.0 ± .3 .9 ± .5 1.6 ± .6 1.0 ± .2 1.8 ± .4 1.1 ± .4 2.4 ± .4 
          
Corn         
 0-1 times/week 39 33 8 5 11 12 20 16 
 2-3 times/week 12 17 0 3 8 6 4 8 
 4-5 times/week 2 3 1 1 0 1 1 1 
 6+ times/week 0 0 0 0 0 0 0 0 
 Mean (times) ± S.E./week 1.0 ± .1 1.2 ± .2 .9 ± .4 1.4 ± .4 1.1 ± .2 1.2 ± .3 1.0 ± .2 1.2 ± .2 
  
 
 
        
8
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Table 8 (Continued) 
 
Cooked tomatoes         
 0-1 times/week 33 20 6 2 12 7 15 11 
 2-3 times/week 13 23 1 4 7 9 5 10 
 4-5 times/week 5 8 2 3 0 2 3 3 
 6+ times/week 2 2 0 0 0 1 2 1 
 Mean (times) ± S.E./week 1.5 ± .2 2.1 ± .2 1.7 ± .5 2.5 ± .6 1.1 ± .2 2.1 ± .4 1.9 ± .4 2.0 ± .4 
          
Spaghetti/Lasagna w/ tomato 
sauce 
        
 0-1 times/week 41 37 6 5 15 13 20 19 
 2-3 times/week 11 14 3 4 4 5 4 5 
 4-5 times/week 1 2 0 0 0 1 1 1 
 6+ times/week 0 0 0 0 0 0 0 0 
 Mean (times) ± S.E./week .9 ±.1 1.1 ± .1 1.3 ± .3 1.4 ± .3 .8 ± .2 1.1 ± .3 .8 ± .2 .9 ± .2 
          
Fresh tomatoes         
 0-1 times/week 27 31 3 7 11 12 13 12 
 2-3 times/week 16 11 4 1 6 4 6 6 
 4-5 times/week 7 9 2 1 1 2 4 6 
 6+ times/week 3 2 0 0 1 1 2 1 
 Mean (times) ± S.E./week 2.0 ± .3 1.6 ± .3 2.0 ± .6 .8 ± .5 1.6 ± .4 1.4 ± .5 2.4 ± .6 2.0 ± .4 
          
Onions         
 0-1 times/week 24 16 4 4 9 5 11 7 
 2-3 times/week 17 23 4 3 6 10 7 10 
 4-5 times/week 8 9 0 0 3 3 5 6 
 6+ times/week 4 5 1 2 1 1 2 2 
 Mean (times) ± S.E./week 2.3 ± .3 2.6 ± .3 2.1 ± .6 2.6 ± .7 2.2 ± .4 2.5 ± .4 2.5 ± .4 2.7 ± .4 
          
Squash/Zucchini         
 0-1 times/week 43 42 6 8 15 15 22 19 
 2-3 times/week 10 11 3 1 4 4 3 6 
 4-5 times/week 0 0 0 0 0 0 0 0 
 6+ times/week 0 0 0 0 0 0 0 0 
 Mean (times) ± S.E./week .7 ± .1 .7 ± .1 .7 ± .3 .6 ± .3 .7 ± .2 .6 ± .2 .7 ± .2 .9 ± .2 
  
 
        
8
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Table 8 (Continued) 
 
Spinach         
 0-1 times/week 41 31 7 7 15 9 19 15 
 2-3 times/week 10 14 2 2 4 6 4 6 
 4-5 times/week 2 7 0 0 0 4 2 3 
 6+ times/week 0 1 0 0 0 0 0 1 
 Mean (times) ± S.E./week .8 ± .2 1.6 ± .2 .7 ± .3 .9 ± .3 .7 ± .2 1.8 ± .4 .9 ± .3 1.7 ± .4 
          
Sweet potatoes/Yams         
 0-1 times/week 52 49 9 9 18 17 25 23 
 2-3 times/week 1 4 0 0 1 2 0 2 
 4-5 times/week 0 0 0 0 0 0 0 0 
 6+ times/week 0 0 0 0 0 0 0 0 
 Mean (times) ± S.E./week .3 ± .1 .4 ± .1 .4 ± .2 .1 ± .1 .4 ± .1 .6 ± .2 .3 ± .1 .4 ± .2 
          
Carrots         
 0-1 times/week 23 15 4 3 8 7 11 5 
 2-3 times/week 21 24 4 3 9 7 8 14 
 4-5 times/week 7 8 1 2 2 4 4 2 
 6+ times/week 2 6 0 1 0 1 2 4 
 Mean (times) ± S.E./week 2.2 ± .3 2.6 ± .3 1.9 ± .4 2.9 ± .8 2.0 ± .3 2.4 ± .4 2.6 ± .6 2.8 ± .4 
          
Legumes         
 0-1 times/week 36 26 4 4 13 8 19 14 
 2-3 times/week 13 22 4 2 5 8 4 9 
 4-5 times/week 2 5 1 1 0 3 1 2 
 6+ times/week 2 0 0 2 1 0 1 0 
 Mean (times) ± S.E./week 1.2 ± .2 1.6 ± .2 1.5 ± .4 1.5 ± .4 1.2 ± .3 1.9 ± .3 1.0 ± .3 1.3 ± .2 
Note. S.E. = standard error of the mean. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in Table 6. 
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Table 9 
Fruit and Vegetable Consumption as Snack, Dessert, Fresh, Frozen, or Canned  
 
Variable Name  
and Description 
Total  
sample  
(N = 53) 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable 
group 
(n = 25)  
 Pre Post Pre Post Pre Post Pre Post 
How often do you eat fruits as a 
snack? 
        
 0-1 times/week 19 7 3 4 7 2 9 1 
 2-3 times/week 18 17 3 2 4 8 11 7 
 4-5 times/week 6 13 2 1 3 2 1 10 
 6+ times/week 10 16 1 2 5 7 4 7 
 Mean (times) ± S.E./week 3.5 ± .5 5.0 ± .5 2.9 ± .7 2.8 ± .9 4.4 ± 1.1 5.5 ± 1.0 3.0 ± .6 5.4 ± .7 
          
          
How often do you eat fruits as 
dessert? 
        
 0-1 times/week 32 20 5 4 11 8 16 8 
 2-3 times/week 13 19 3 3 4 8 6 8 
 4-5 times/week 2 8 1 1 1 1 0 6 
 6+ times/week 6 6 0 1 3 2 3 3 
 Mean (times) ± S.E./week 1.9 ± .3 2.5 ± .3 1.6 ± .6 2.2 ± .8 2.1 ± .6 2.1 ± .5 1.9 ± .5 2.8 ± .4 
          
          
How often do you eat vegetables as a 
snack? 
        
 0-1 times/week 31 20 7 6 11 9 13 5 
 2-3 times/week 12 21 1 2 4 5 7 14 
 4-5 times/week 4 4 0 0 2 2 2 2 
 6+ times/week 6 8 1 1 2 3 3 4 
 Mean (times) ± S.E./week 2.2 ± .4 2.9 ± .5 1.2 ± .8 1.6 ± .7 2.4 ± .8 2.8 ± .8 2.3 ± .5 3.5 ± .7 
          
  
 
 
 
        
9
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Table 9 (Continued) 
 
How often do you eat fresh fruits?         
 0-1 times/week 10 5 1 1 5 3 4 1 
 2-3 times/week 20 16 4 4 6 6 10 6 
 4-5 times/week 9 12 2 3 3 3 4 6 
 6+ times/week 14 20 2 1 5 7 7 12 
 Mean (times) ± S.E./week 4.7 ± .6 5.6 ± .6 4.7 ± 1.3 3.2 ± .6 4.6 ± 1.1 5.5 ± 1.0 4.7 ± .9 6.5 ± .9 
          
          
How often do you eat frozen fruits?         
 0-1 times/week 46 36 8 7 17 15 21 14 
 2-3 times/week 5 15 0 2 1 3 4 10 
 4-5 times/week 1 1 1 0 0 0 0 1 
 6+ times/week 1 1 0 0 1 1 0 0 
 Mean (times) ± S.E./week .6 ± .2 1.1 ± .2 .7 ± .5 .6 ± .3 .7 ± .4 1.0 ± .4 .5 ± .2 1.4 ± .2 
          
          
How often do you eat canned fruits?         
 0-1 times/week 46 36 9 8 16 14 21 14 
 2-3 times/week 7 16 0 1 3 5 4 10 
 4-5 times/week 0 1 0 0 0 0 0 1 
 6+ times/week 0 0 0 0 0 0 0 0 
 Mean (times) ± S.E./week .6 ± .1 1.1 ± .2 .5 ± .2 .7 ± .3 .6 ± .2 .9 ± .2 .7 ± .2 1.4 ± .2 
          
          
How often do you eat fresh 
vegetables? 
        
 0-1 times/week 17 11 4 2 7 7 6 2 
 2-3 times/week 16 14 2 3 6 4 8 7 
 4-5 times/week 5 13 1 2 1 2 3 9 
 6+ times/week 15 15 2 2 5 6 8 7 
 Mean (times) ± S.E./week 4.5 ± .7 4.6 ± .5 4.2 ± 1.9 3.5 ± .7 4.3 ± 1.1 4.4 ± 1.1 4.8 ± .9 5.2 ± .7 
          
  
 
 
 
 
        
9
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Table 9 (Continued) 
 
How often do you eat frozen 
vegetables? 
        
 0-1 times/week 29 17 5 2 11 7 13 8 
 2-3 times/week 14 23 2 6 4 10 8 7 
 4-5 times/week 3 11 1 1 1 1 1 9 
 6+ times/week 7 2 1 0 3 1 3 1 
 Mean (times) ± S.E./week 2.1 ± .3 2.3 ± .2 2.1 ± .8 2.2 ± .5 2.1 ± .5 1.9 ± .4 2.1 ± .4 2.6 ± .4 
          
          
How often do you eat canned 
vegetables? 
        
 0-1 times/week 39 29 6 5 15 12 18 12 
 2-3 times/week 12 19 3 4 3 5 6 10 
 4-5 times/week 2 4 0 0 1 1 1 3 
 6+ times/week 0 1 0 0 0 1 0 0 
 Mean (times) ± S.E./week 1.0 ± .2 1.6 ± .2 1.0 ± .4 1.3 ± .4 1.0 ± .3 1.5 ± .4 1.0 ± .2 1.7 ± .3 
Note. S.E. = standard error of the mean. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in Table 6. 92
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spaghetti/lasagna made with tomato sauce (77.4%), fresh tomatoes (50.9%), squash/zucchini 
(81.1%), spinach (77.4%), sweet potatoes/yams (98.1%), legumes (67.9%), fruits for dessert 
(60.4%), vegetables as a snack (58.5%), frozen fruits (86.8%), canned fruits (86.8%), frozen 
vegetables (54.7%), and canned vegetables (73.6%). The weekly mean frequency of intake of all 
fruits and vegetables for each intervention group are shown in Table 10. Frequency of 
consumption of all fruits and vegetables at pre-test was 17.5 times per week (2.5 times per day) 
among control group participants, 17.6 times per week (2.5 times per day) among education 
group participants, and 21.4 times per week (3.1 times per day) among fruit and vegetable group 
participants. 
The following fruits and vegetables were self-reported as being consumed once a week or 
less by greater than or equal to 50% of all participants at post-test: orange juice (64.2%), 
cranberry/apple/grape juice (81.1%), nectarine/peach/apricot (83.0%), cantaloupe/honeydew 
(83.0%), corn (62.3%), spaghetti/lasagna made with tomato sauce (69.8%), fresh tomatoes 
(58.5%), squash/zucchini (79.2%), spinach (58.5%), sweet potatoes/yams (92.5%), frozen fruits 
(67.9%), canned fruits (67.9%), and canned vegetables (54.7%). At post-test, participants in the 
control group consumed fruits and vegetables 19.4 times per week (2.8 times per day) while 
those in the education group consumed fruits and vegetables 24.1 times per week (3.4 times per 
day). Frequency of consumption among fruit and vegetable group participants was 26.5 times per 
week (3.8 times per day). From pre-test to post-test, participants in the education group reported 
a significant mean increase of 0.9 time per day, t(18) = 2.65, p = .02, while participants in the 
fruit and vegetable group reported a significant mean increase of 0.7 time per day, t(24) = 2.31, p 
= .03. Participants in the control group reported a mean increase of 0.3 time per day but this 
change was not significant (p = .43). 
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Table 10 
Fruit and Vegetable Consumption by Category 
 
 
Variable Name 
Total  
sample  
(N = 53) 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable 
group 
(n = 25)  
 Pre Post Pre Post Pre Post Pre Post 
Total fruits and vegetables         
 0-13 times/week 22 9 4 3 7 5 11 1 
 14-20 times/week 10 14 3 3 5 3 2 8 
 21-28 times/week 11 14 1 1 6 5 4 8 
 29-34 times/week 5 8 0 2 1 1 4 5 
 >35 times/week 5 8 1 0 0 5 4 3 
 Mean (times) ± S.E./week 19.4 ± 1.5 24.4 ± 1.6 17.5 ± 3.3 19.4 ± 2.9 17.6 ± 1.8 24.1 ± 2.9 21.4 ± 2.6 26.5 ± 2.4 
          
Total fruits         
 0-6 times/week 32 26 6 6 12 10 14 10 
 7-13 times/week 18 21 3 2 6 7 9 12 
 >14 times/week 3 6 0 1 1 2 2 3 
 Mean (times) ± S.E./week 5.8 ± .6 7.5 ± .7 4.6 ± 1.3 4.9 ± 2.0 5.6 ± .9 8.1 ± 1.2 6.4 ± .9 8.0 ± .9 
          
Total vegetables         
 0-6 times/week 12 5 2 2 4 3 6 0 
 7-13 times/week 19 18 3 4 8 5 8 9 
 >14 times/week 22 30 4 3 7 11 11 16 
 Mean (times) ± S.E./week 13.6 ± 1.2 16.9 ± 1.3 12.9 ± 2.6 14.4 ± 2.5 12.0 ± 1.4 16.1 ± 2.2 15.0 ± 2.1 18.5 ± 1.9 
          
High in beta carotene         
 0-6 times/week 41 28 7 5 16 10 18 13 
 >7 times/week 12 25 2 4 3 9 7 12 
 Mean (times) ± S.E./week 4.4 ± .5 6.7 ± .6 3.8 ± .7 5.5 ± 1.2 4.0 ± .7 6.6 ± 1.0 4.9 ± 1.0 7.3 ± .9 
          
High in vitamin C         
 0-6 times/week 20 6 2 2 8 3 10 1 
 >7 times/week 33 47 7 7 11 16 15 24 
 Mean (times) ± S.E./week 11.5 ± 1.1 15.7 ± 1.2 10.8 ± 2.7 10.8 ± 2.2 10.2 ± 1.4 15.8 ± 2.1 12.7 ± 1.8 17.5 ± 1.7 
          
9
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Table 10 (Continued) 
 
High in lutein and zeaxanthin         
 <2 times/week 37 20 6 4 13 7 18 9 
 >3 times/week 16 33 3 5 6 12 7 16 
 Mean (times) ± S.E./week 1.8 ± .3 3.6 ± .4 1.6 ± .5 2.4 ± .7 1.7 ± .4 3.6 ± .7 2.0 ± .6 4.1 ± .7 
          
High in lycopene         
 <2 times/week 21 17 2 2 8 7 11 8 
 >3 times/week 32 36 7 7 11 12 14 17 
 Mean (times) ± S.E./week 4.5 ± .6 1.8 ± .5 5.0 ± 1.2 4.6 ± .9 3.5 ± .6 4.6 ± .9 5.0 ± 1.0 4.9 ± .8 
Note. S.E. = standard error of the mean. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in Table 6. 
9
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When asked whether or not they increased their consumption of fruits and vegetables 
over the course of the study, the majority of all participants reported having increased their 
consumption of fruits (78.8%) and vegetables (68.6%) (data not shown). Twenty-two percent of 
participants in the control group reported increasing consumption of fruits while 90.7% of 
participants who received nutrition education reported having increased their fruit consumption 
(84.2% of education group participants, 95.8% of fruit and vegetable group participants) (data 
not shown). These findings are consistent with results of participants‟ responses on the food 
frequency questionnaire (Table 11). Paired sample t-tests indicated a significant mean increase in 
the weekly frequency of total fruit consumption from pre-test to post-test for the fruit and 
vegetable group, t(24) = 2.16, p = .04. Fruit intake also increased from pre- to post-test in the 
education group but did not reach statistical significance (p = .09).  
A similar trend was observed in regard to vegetable consumption with 68.6% of all 
participants reporting an increase in vegetable consumption at the end of the study. Those 
reporting an increase were predominantly from the groups receiving nutrition education (68.4% 
in education and 87.0% in fruit and vegetable). However, 22.2% of control group participants 
also reported having increased their consumption of vegetables. Results of paired sample t-tests 
indicated a significant mean increase in total vegetables consumed by education group 
participants, t(18) = 2.54, p = .02, but not among fruit and vegetable group participants (p = .06) 
or control group participants (p = .40).  
Changes in the frequency of consuming individual fruits and vegetables from pre-test to 
post-test were also indicated by participants in the different intervention groups (Table 12). 
Results of paired sample t-tests indicated a significant increase in weekly consumption of corn 
among participants in the control group, t(8) = 2.53, p = .04. In the education group, there were  
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Table 11 
Mean Weekly Frequencies of Fruit and Vegetable Consumption by Category  
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable  
group 
(n = 25)  
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Total fruits and vegetables (times/week)    
 Pre 17.5 ± 9.8 .43 17.6 ± 7.7 .02* 21.4 ± 13.2 .03* 
 Post 19.4 ± 8.8 24.1 ± 12.5 26.5 ± 12.0 
Total fruits (times/week)    
 Pre 4.6 ± 3.9 .84 5.6 ± 3.8 .09 6.4 ± 4.6 .04* 
 Post 4.9 ± 6.1 8.1 ± 5.4 8.0 ± 4.3 
Total vegetables (times/week)    
 Pre 12.9 ± 7.9 .40 12.0 ± 5.9 .02* 15.0 ± 10.5 .06 
 Post 14.4 ± 7.5 16.1 ± 9.4 18.5 ± 9.4 
High in beta carotene (times/week)    
 Pre 3.8 ± 2.2 .12 4.0 ± 2.9 .02* 4.9 ± 4.9 .02* 
 Post 5.5 ± 3.6 6.6 ± 4.4 7.3 ± 4.3 
High in vitamin C (times/week)    
 Pre 10.8 ± 8.2 .99 10.2 ± 6.0 .01* 12.7 ± 9.2 .01* 
 Post 10.8 ± 6.6 15.8 ± 9.3 17.5 ± 8.6 
High in lutein and zeaxanthin (times/week)    
 Pre 1.6 ± 1.6 .11 1.7 ± 1.7 .01* 2.0 ± 3.0 .01* 
 Post 2.4 ± 2.1 3.6 ± 3.0 4.1 ± 3.3 
High in lycopene (times/week)    
 Pre 5.0 ± 3.7 .65 3.5 ± 2.8 .10 5.0 ± 5.2 .96 
 Post 4.6 ± 2.7 4.6 ± 3.8 5.0 ± 3.8 
Note. S.D. = standard deviation. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in 
Table 6. 
*Indicates significant difference in the mean frequency consumed from pre-test to post-test.  
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Table 12 
Mean Weekly Frequencies of Individual Fruit and Vegetable Consumption 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable 
group 
(n = 25)  
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Orange juice (times/week)    
 Pre .1 ± .3 .28 1.1 ± 1.7 .20 1.3 ± 2.0 .11 
 Post 1.8 ± 4.6 1.5 ± 1.9 1.6 ± 2.2 
Cranberry/Apple/Grape juice (times/week)    
 Pre .9 ± 2.3 .36 .6 ± 1.2 .12 .7 ± 1.7 .51 
 Post 1.1 ± 2.4 1.2 ± 1.8 .6 ± 1.3 
Berries (times/week)    
 Pre 1.2 ± 1.5 .35 1.4 ± 1.4 .19 1.4 ± 1.4 .01* 
 Post .8 ± 1.2 2.3 ± 3.2 2.2 ± 1.8 
Nectarine/Peach/Apricot (times/week)    
 Pre .1 ± .3 .32 .7 ± 1.2 .28 1.2 ± 1.8 .29 
 Post .0 ± .0 .4 ± .7 .9 ± 1.3 
Broccoli/Cabbage/Cauliflower (times/week)    
 Pre 1.7 ± 1.2 .27 1.2 ± 1.2 .12 1.7 ± 1.5 .05^ 
 Post 1.2 ± 1.0 1.6 ± 1.7 2.4 ± 1.9 
Orange/Grapefruit/Tangerine (times/week)    
 Pre 1.3 ± 1.7 .71 1.0 ± 1.2 .06 .9 ± 1.0 .00* 
 Post 1.1 ± 1.6 1.7 ± 1.4 2.1 ± 1.9 
Cantaloupe/Honeydew (times/week)    
 Pre .8 ± 1.6 .20 .8 ± 1.2 .71 1.0 ± 1.2 .06 
 Post .0 ± .0 .9 ± 1.7 .6 ± .9 
Leafy greens (times/week)    
 Pre .9 ± 1.4 .25 1.0 ± 1.1 .07 1.1 ± 1.8 .01* 
 Post 1.6 ± 1.7 1.8 ± 1.9 2.4 ± 2.2 
Corn (times/week)    
 Pre .9 ± 1.3 .04* 1.1 ± 1.0 .85 1.0 ± 1.1 .31 
 Post 1.4 ± 1.3 1.2 ± 1.2 1.2 ± 1.1 
Cooked tomatoes (times/week)       
 Pre 1.7 ± 1.6 .06 1.1 ± 1.1 .02* 1.9 ± 2.1 .77 
 Post 2.5 ± 1.7 2.1 ± 1.7 2.0 ± 1.8 
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Table 12 (Continued) 
 
Spaghetti/Lasagna w/ tomato sauce (times/week)       
 Pre 1.3 ± 1.1 .97 .8 ± 1.0 .17 .8 ± 1.0 .30 
 Post 1.4 ± 1.0 1.1 ± 1.1 .9 ± 1.0 
Fresh tomatoes (times/week)       
 Pre 2.0 ± 1.8 .06 1.6 ± 1.8 .61 2.4 ± 3.1 .61 
 Post .8 ± 1.4 1.4 ± 2.1 2.0 ± 2.0 
Onions (times/week)       
 Pre 2.1 ± 1.8 .27 2.3 ± 1.7 .36 2.5 ± 2.1 .57 
 Post 2.6 ± 2.2 2.6 ± 1.7 2.7 ± 2.0 
Squash/Zucchini (times/week)       
 Pre .7 ± 1.0 .61 .7 ± 1.0 .54 .7 ± .8 .28 
 Post .6 ± 1.0 .6 ± 1.0 .9 ± 1.0 
Spinach (times/week)       
 Pre .7 ± .9 .49 .7 ± .9 .01* .9 ± 1.5 .02* 
 Post .9 ± .9 1.8 ± 1.6 1.7 ± 1.8 
Sweet potatoes/Yams (times/week)       
 Pre .4 ± .5 .18 .4 ± .6 .22 .3 ± .4 .23 
 Post .1 ± .3 .6 ± .8 .4 ± .8 
Carrots (times/week)       
 Pre 1.9 ± 1.1 .22 2.0 ± .5 .26 2.6 ± 3.0 .70 
 Post 2.9 ± 2.3 2.4 ± 1.9 2.7 ± 1.8 
Legumes (times/week)       
 Pre 1.5 ± 1.3 1.0 1.2 ± 1.5 .02* 1.0 ± 1.5 .31 
 Post 1.5 ± 1.2 1.9 ± 1.4 1.3 ± 1.2 
Note. S.D. = standard deviation. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in 
Table 6. 
*Indicates significant difference in mean frequency consumed from pre-test to post-test.  
^Indicates trend towards significant difference in mean frequency consumed from pre-test to post-test. 
9
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significant mean increases in weekly consumption of cooked tomatoes (t(18) = 2.55, p = .02), 
spinach (t(18) = 2.71, p = .01), and legumes (t(18) = 2.62, p = .02). In the fruit and vegetable 
group, there were significant mean increases in weekly consumption of berries (t(24) = 2.80, p = 
.01), oranges/grapefruits/tangerines (t(24) = 3.57, p = .00), leafy greens (t(24) = 3.05, p = .01), 
and spinach (t(24) = 2.46, p = .02).  
Paired sample t-tests also indicated significant differences in the frequency of 
consumption of fruit and vegetable categories from pre-test to post-test in the different 
intervention groups (Table 13). In the education group, there were significant mean increases in 
consumption of fruits and vegetables high in beta carotene (t(18) = 2.58, p = .02), vitamin C 
(t(18) = 2.86, p = .01), and lutein and zeaxanthin (t(18) = 2.76, p = .01). There was also a 
significant mean increase of fruits consumed as a snack, t(18) = 2.41, p = .03. In the fruit and 
vegetable group, there were significant weekly mean increases in fruits and vegetables high in 
beta carotene (t(24) = 2.62, p = .02), vitamin C (t(24) = 2.82, p = .01), and lutein and zeaxanthin 
(t(24) = 3.05, p = .01) consumed. There were also significant mean increases in consumption of 
the following: fruits as a snack (t(24) = 2.94, p = .01), frozen fruits (t(24) = 4.08, p = .00), 
canned fruits (t(24) = 2.64, p = .01), and canned vegetables (t(24) = 2.87, p = .01). No significant 
mean differences were observed in the control group. 
One-sample t-tests were conducted in order to evaluate participants‟ actual consumption 
of fruits and vegetables, according to three day food records, compared to recommended 
servings of fruits and vegetables according to the U.S. Dietary Guidelines (HHS, 2010) (Table 
14). The mean number of vegetable servings consumed were significantly lower than the mean 
recommended servings at both pre-test (control, t(8) = -7.92, p = .00; education, t(18) = -5.81, p 
= .00; fruit and vegetable, t(24) = -10.57, p = .00) and post-test (control, t(8) = -9.13, p = .00;  
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Table 13 
Mean Weekly Frequencies of Fruit and Vegetable Consumption as Snack, Dessert, Fresh, Frozen, or Canned  
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable  
group 
(n = 25)  
 Mean ± S.D. P value Mean ± S.D. P value Mean ± S.D. P value 
How often do you eat fruits as a snack? 
(times/week)  
   
 Pre 2.9 ± 2.1 .94 4.4 ± 4.7 .03* 3.0 ± 3.1 .01* 
 Post 2.8 ± 2.6 5.5 ± 4.2 5.4 ± 3.6 
How often do you eat fruits as dessert? 
(times/week) 
   
 Pre 1.6 ± 1.8 .47 2.1 ± 2.5 .94 1.9 ± 2.3 .05^ 
 Post 2.2 ± 2.3 2.1 ± 2.0 2.8 ± 2.2 
How often do you eat vegetables as a snack? 
(times/week) 
   
 Pre 1.2 ± 2.3 .77 2.4 ± 3.4 .15 2.3 ± 2.3 .12 
 Post 1.6 ± 2.2 2.8 ± 3.6 3.5 ± 3.6 
How often do you eat fresh fruits? 
(times/week) 
   
 Pre 4.7 ± 4.0 .27 4.6 ± 4.7 .31 4.7 ± 4.5 .07 
 Post 3.2 ± 1.9 5.5 ± 4.3 6.5 ± 4.6 
How often do you eat frozen fruits? 
(times/week) 
   
 Pre .7 ± 1.6 .84 .7 ± 1.7 .09 .5 ± .9 .00* 
 Post .6 ± .9 1.0 ± 1.7 1.4 ± 1.1 
How often do you eat canned fruits? 
(times/week) 
   
 Pre .5 ± .5 .43 .6 ± .9 .23 .7 ± .9 .01* 
 Post .7 ± 1.0 .9 ± .9 1.4 ± 1.2 
How often do you eat fresh vegetables? 
(times/week) 
   
 Pre 4.2 ± 5.8 .62 4.3 ± 4.8 .92 4.8 ± 4.6 .72 
 Post 
 
3.5 ± 2.2 4.4 ± 4.9 5.2 ± 3.7 
1
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Table 13 (Continued) 
 
      
How often do you eat frozen vegetables? 
(times/week) 
      
 Pre 2.1 ± 2.5 .86 2.1 ± 2.3 .57 2.1 ± 2.2 .08 
 Post 2.2 ± 1.4 1.9 ± 1.7 2.6 ± 1.9 
How often do you eat canned vegetables? 
(times/week) 
      
 Pre 1.0 ± 1.1 .34 1.0 ± 1.2 .24 1.0 ± 1.2 .01* 
 Post 1.3 ± 1.2 1.5 ± 1.9 1.7 ± 1.4 
Note. S.D. = standard deviation. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in Table 6. 
*Indicates significant difference in mean frequency consumed from pre-test to post-test.  
^Indicates trend towards significant difference in mean frequency consumed from pre-test to post-test. 
 
Table 14 
Comparison of Recommended Servings of Fruits and Vegetables to Actual Servings Consumed 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group  
(n = 15) 
Fruit and Vegetable 
 group 
(n = 23) 
 Rec. 
Mean  
Actual 
Mean 
p value Rec. 
Mean 
Actual 
Mean 
p value Rec. 
Mean 
Actual 
Mean 
p value 
Fruit servings    
 Pre 2.2 1.4 .03* 2.2 1.2 .00* 2.2 1.5 .01* 
 Post 2.3  .8 .00* 2.2 1.5 .00* 2.2 2.2 .93 
Vegetable servings    
 Pre 3.4 1.4 .00* 3.5 1.8 .00* 3.3 1.6 .00* 
 Post 3.6 1.4 .00* 3.5 1.5 .02* 3.3 2.0 .00* 
Note. Recommended number of servings was based on age, gender, height, weight, and activity level according to the U.S. Dietary 
Guidelines (HHS, 2010). Actual mean number of servings consumed was derived from average consumption as recorded on three-day food 
records. Three-day food record data were analyzed using The Food Processor® (ESHA Research, Salam, OR).  
*Indicates a significant difference in the mean number of servings between recommendation and consumption.  
1
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education, t(18) = -10.02, p = .00; fruit and vegetable, t(24) = -6.74, p = .00) for participants in 
all three intervention groups. In addition, the mean number of fruit servings consumed by 
participants in the control and education groups was significantly lower than the mean 
recommended servings at both pre-test (control, t(8) = -2.63, p = .03; education, t(18) = -4.08, p 
= .00) and post-test (control, t(8) = -6.79, p = .00; education, t(18) = -2.53, p = .02). Participants 
in the fruit and vegetable group also consumed significantly fewer servings than recommended at 
pre-test (t(22) = -2.94, p = .01) but mean intake at post-test was less than 0.1 serving below than 
the recommended mean number of fruit servings (t(22) = -.09, p = .93). 
Finally, one-way ANOVAs were conducted to evaluate differences in the frequency of 
fruit and vegetable consumption over time between the three intervention groups. The 
independent variable, intervention group, included three levels: control, education, and fruit and 
vegetable. The dependent variables were changes in frequency of consumption of fruits, 
vegetables, fruits and vegetables combined, as well as the different categories of fruit and 
vegetable consumption from pre-test to post-test. No significant differences between the three 
intervention groups were noted for any of the changes in fruit and vegetable consumption over 
time. 
Discussion 
 This study investigated the effects of a 10-week nutrition education intervention with and 
without the provision of fruits and vegetables on changes in fruit and vegetable consumption 
among overweight and obese adults. The intervention focused on disease prevention awareness, 
nutrient profiles of specific fruits and vegetables, health benefits of consuming fruits and 
vegetables, decreasing barriers to consumption, and increasing participants‟ intake of fruits and 
vegetables.  
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Results from food records indicated that at pre-test, none of the participants were 
consuming the recommended five or more servings of fruits and vegetables per day (HHS, 
2010). Inadequate consumption of fruits and vegetables is concerning because of previously 
documented associations between increased fruit and vegetable intake and prevention or 
postponement of chronic diseases. In a study of approximately 35,000 people, researchers found 
that after adjusting for age and sex, adequate consumption of fruits and vegetables, excluding 
juice, was associated with reduced risk of heart disease, other long-term conditions, and overall 
chronic disease (Quadir & Akhtar-Danesh, 2010). In the present study, increases in the frequency 
of consuming fruits and vegetables following the intervention were reported among participants 
in the education and fruit and vegetable groups but not in the control group. However, no 
additional increases were noted in fruit and vegetable group participants compared to education 
group participants. These findings suggest that nutrition education, but not provisions of fruits 
and vegetables, may have contributed to success in increasing fruit and vegetable consumption 
among overweight and obese adults. Such findings may have been influenced by the 
socioeconomic status of participants in this study.  
While 26.4% of all participants at post-test reported consuming fruits and vegetables five 
or more times per week, participants actual consumption was still 0.3 to 1.3 servings below the 
current recommendations of two or more servings of fruits and three or more servings of 
vegetables each day (HHS, 2010). These rates of consumption are consistent with data collected 
at the national level. According to the CDC (2010, September 10), only 14% of U.S. adults 
consume the recommended goal of two or more servings of fruits and three or more servings of 
vegetables each day. Considering such a low rate of success in meeting daily fruit and vegetable 
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intake recommendations, any improvement in consumption patterns of overweight and obese 
adults may signify positive progress.  
In addition to increases in frequency of consumption of total fruits and vegetables among 
participants following the intervention, results indicated significant increases in frequency of 
consuming fruits and vegetables assigned to specific categories based on their nutrient content. 
Participants who received nutrition education, from which they learned about the nutrient content 
of various fruits and vegetables, reported significant increases in consumption of fruits and 
vegetables high in antioxidants, including beta carotene, vitamin C, and lutein and zeaxanthin. A 
great deal of emphasis has been placed on fruits and vegetables as key sources of antioxidants in 
the diet (Chun et al., 2010). In a study of estimated antioxidant intake in U.S. adults, researchers 
found that the major dietary sources of vitamin C included citrus fruit juices, potatoes, and 
tomatoes while major sources of carotene included deep-yellow and dark-green vegetables 
(Chun et al., 2010). In the present study, significant mean increases in consumption of berries, 
cruciferous vegetables, citrus fruits, and leafy greens were observed among participants who 
attended nutrition education sessions. These findings serve to demonstrate that recommendations 
to increase intake of certain types of fruits and vegetables, specifically those with the highest 
antioxidant content, can be effective and should be included in nutrition education interventions. 
Throughout the nutrition education intervention, emphasis was placed on encouraging 
participants to replace energy-dense, nutrient-poor foods previously consumed with fruits and 
vegetables. This was emphasized in order to promote increased consumption of fruits and 
vegetables while maintaining and/or decreasing overall caloric intake. In the present study, 
participants in the education and fruit and vegetable groups reported increased consumption of 
fruits and vegetables as a snack. Since snack foods tend to be high in energy density while low in 
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nutrients (Viskall-van Dongen, Kok, & de Graaf, 2010), substituting fruits and vegetables can 
help to both increase fruit and vegetable intake while decreasing consumption of less nutritious 
foods.  
It has been shown that the cost of fruits and vegetables can be a barrier to consumption 
(Powell et al., 2010). However, much of the research on economic barriers pertains to fresh fruits 
and vegetables (Kidd & Peters, 2010; Powell et al., 2010). Fortunately, alternative forms such as 
canned and frozen also exist and have comparable nutritional benefits. In the present study, 
participants in the education and fruit and vegetable groups reported increased consumption of 
alternative forms of fruits and vegetables, including frozen and canned varieties, on a weekly 
basis. These increases were not observed among control group participants, indicating a potential 
benefit, both nutritionally and economically, of education encouraging consumption of different 
forms of fruits and vegetables. 
Results of one-way ANOVAs failed to support the hypothesis that nutrition education 
and nutrition education with the provision of fruits and vegetables would have a differential 
effect on changes in fruit and vegetable consumption frequency over time compared to no 
intervention. Thus, while significant changes in the weekly fruit and vegetable consumption were 
observed among participants who received nutrition education and fruits and vegetables, these 
changes were not significantly different than those who did not receive either intervention. A 
possible reason for lack of differences between those who received nutrition education and those 
who did not may be due to the unequal sizes of the intervention groups and subsequent lack of 
statistical power. Other studies assessing outcomes of nutrition education on consumption of 
fruits and vegetables have yielded favorable results (Andreyeva et al., 2010; Guillaumie et al., 
2010; Kidd & Peters, 2010). While not significantly different from the control group, weekly 
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frequency of fruit and vegetable consumption increased among those who received the 
intervention, which suggested that nutrition education with or without the provision of fruits and 
vegetables positively influenced participants‟ consumption of fruits and vegetables.   
Limitations 
Limitations of this study existed and should be noted. First, this study utilized a 
convenience sample of overweight and obese adults, which may limit generalizability of results. 
However, recruitment from two communities and random assignment to the intervention groups 
served to correct for limitations associated with convenience sampling. Second, seasonal changes 
in availability of fruits and vegetables were not accounted for. The study was conducted during a 
period in which it might be expected that availability of fruits and vegetables would decrease 
(e.g., pre-test in fall and post-test in winter). However, significant increases in the frequency of 
fruit and vegetable consumption from pre-test to post-test were observed, which suggests that 
availability was not a factor. Third, dietary intake assessment was based on semi-quantitative 
food frequency questionnaires specific to fruits and vegetables and three-day food records. 
Awareness of the study purpose may have influenced participants to overestimate fruit and 
vegetable consumption on these instruments. Fourth, the final sample sizes of the intervention 
groups were unequal. A power calculation indicated that 16 participants were needed in each 
intervention group in order to detect statistical significance at an alpha level of .05 (Eng, 2003). 
However, more participants were assigned to the education and fruit and vegetable groups 
compared to the control group in order to account for attrition. Because of this, the final number 
of participants in the control group was below the required sample size, which may have 
prevented detection of significant differences. Fifth, follow-up data were not collected. Thus, it is 
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unknown if improvements in the frequency of fruit and vegetable consumption were maintained 
after the conclusion of the study. 
Conclusion 
Findings from the present study suggest nutrition education was helpful in improving the 
consumption of fruits and vegetables, including those rich in antioxidants. However, provision of 
fruits and vegetables, while intended to help reduce barriers to consumption, had limited impact 
in increasing fruit and vegetable consumption. Despite being readily available, majority of 
participants failed to consume the recommended number of servings of fruits and vegetables per 
day, which suggests they chose other foods over fruits and vegetables. With only 42% and 59% 
of Americans consuming the recommended intake for fruits and vegetables (HHS, 2010) and 
rates of overweight and obesity rising (CDC, 2011, July 21; CDC, 2011, November 17), future 
interventions should focus not only on encouraging increased consumption of antioxidant-rich 
fruits and vegetables, but also discouraging consumption of high-energy, nutrient-poor foods.  
Few studies have examined the long-term effects of nutrition education interventions on 
changes in fruit and vegetable consumption in overweight and obese adults. If maintained, 
improvements in fruit and vegetable consumption could potentially contribute to improved 
nutrient intake and ultimately decreased disease risk in overweight and obese adults. Study 
methodologies that include post-intervention follow ups to determine long-term effectiveness of 
nutrition education and changes in fruit and vegetable consumption are warranted. 
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CHANGES IN FRUIT AND VEGETABLE CONSUMPTION  
ARE ASSOCIATED WITH IMPROVEMENTS IN BIOMARKERS OF  
CHRONIC DISEASE AMONG OVERWEIGHT AND OBESE ADULTS 
Abstract 
The growing prevalence of overweight and obesity is concerning because of the 
multitude of health conditions associated with excess weight. Body mass index (BMI), waist 
circumference, blood glucose, and blood lipids are often elevated as a result of excess weight and 
serve as indicators of chronic disease risk. Dietary changes, including adequate consumption of 
fruits and vegetables, have been associated with improvements in BMI, blood glucose, and 
lipids. However, conflicting evidence exists as to how much influence dietary measures alone 
have in reducing disease risk factors among overweight and obese individuals. This study was 
designed to determine the effectiveness of a community-based fruit and vegetable education 
program and provision of fruits and vegetables in increasing fruit and vegetable consumption and 
influencing subsequent changes in blood glucose, lipids, and anthropometrics among overweight 
and obese adults. Fifty-four adults (19 men/35 women; 44.7 ± 12.1 y; BMI 33.2 ± 7.7 kg/m
2
) 
were randomly assigned to one of three intervention groups. The control group received no 
intervention, the education group attended weekly nutrition education lessons, and the fruit and 
vegetable group attended weekly nutrition education lessons and received one serving of fruits 
and two servings of vegetables per day for 10 weeks. Anthropometric measurements and fasting 
blood draws were conducted and fruit and vegetable consumption was assessed using semi-
quantitative food frequency questionnaires and three-day food records. Results indicated 
associations between increased fruit and vegetable consumption and improvements in 
biomarkers of chronic disease. While nutrition education was helpful in increasing fruit and 
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vegetable consumption, promoting consumption of antioxidant-rich fruits and vegetables while 
concurrently emphasizing management of overall energy intake is recommended in order to 
allow for favorable changes in blood glucose, lipids, and anthropometrics. 
Introduction 
Approximately 34% of adults in the U.S. are overweight and 33.9% are obese based on 
their body mass index (BMI) (Centers for Disease Control and Prevention [CDC], 2011, 
November 17). According to the CDC (2010, June 21), a BMI between 25.0 and 29.9 kg/m
2
 is 
indicative of overweight, and a BMI greater than or equal to 30.0 kg/m
2
 is defined as obese. 
While BMIs in these ranges are associated with increased disease risk (CDC, 2011, March 3), 
BMI is not a specific indicator of body fat distribution, which is itself an risk factor for diseases 
related to excess weight (CDC, 2010, June 21; Klein et al., 2007). Specifically, excess abdominal 
or central fat has been associated with increased disease risk (CDC, 2010, June 21). Waist 
circumference is often used as a marker of abdominal fat with values above 102 centimeters in 
men and 88 centimeters in women being associated with increased risk for cardiometabolic 
diseases, including cardiovascular disease and type 2 diabetes mellitus (Han, Satta, & Lean, 
2006; Klein et al., 2007).  
Hyperlipidemia, a type of cardiovascular disease defined as an elevated concentration of 
blood lipids, is a common consequence of excess body fat (CDC, 2011, March 3). According to 
the American Heart Association (2011, December 2), elevated concentrations of total blood 
cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides, and a low 
concentration of high density lipoprotein (HDL) cholesterol are associated with increased disease 
risk. Unfortunately, 98.8 million adults have total blood cholesterol concentrations above the 
recommended 200 mg/dL. In addition, over 25% of non-Hispanic white, black, and Mexican 
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American men and women have LDL cholesterol concentrations above the recommended 130 
mg/dL while 29.5% and 10.1% of non-Hispanic white men and women, 16.6% and 6.6% of non-
Hispanic black men and women, and 31.7% and 12.2% of Mexican American men and women 
have HDL cholesterol concentrations below the recommended 40 mg/dL (Roger et al., 2012). 
Hyperlipidemia is especially concerning because while the condition itself may be 
asymptomatic, it can significantly increase the risk of myocardial infarction and stroke (National 
Institute of Diabetes and Digestive and Kidney Diseases [NIDDK], 2007).   
Another cardiometabolic risk factor associated with excess weight is elevated fasting 
blood glucose, which is a risk factor for type 2 diabetes mellitus (Klein et al., 2007). Normal 
fasting plasma glucose concentration is below100 mg/dL. Concentrations between 100 and 125 
mg/dL are indicative of prediabetes while fasting blood glucose greater than 126 mg/dL on two 
or more occasions is used as the diagnostic criteria for type 2 diabetes mellitus. More than 85% 
of people diagnosed with type 2 diabetes mellitus are overweight at time of diagnosis. Like 
hyperlipidemia, a diagnosis of type 2 diabetes is associated with increased risk of heart attack 
and stroke (NIDDK, 2007). 
Changes in dietary intake are necessary in order to achieve weight loss and improve 
blood glucose and blood lipids in overweight and obese individuals. Fruits and vegetables, which 
are generally low in calories yet rich in antioxidants, phytochemicals, and fiber, are often 
recommended. When consumed in place of high energy-density foods, fruits and vegetables have 
been shown to greatly impact energy balance resulting in weight loss (Schroder, 2010) and 
improved blood lipids (Djousse et al., 2004; Dragsted et al., 2006). Despite many benefits, 
consumption of fruits and vegetables is poor compared to recommended amounts. In fact, only 
14% of U.S. adults consume the recommended daily goal of two or more servings of fruits and 
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three or more servings of vegetables (CDC, 2010, September 10). Inadequate consumption of 
fruits and vegetables has been observed among different adult cohorts, including those struggling 
with overweight and obesity (Schroder, 2010). In the U.S., rates of meeting daily fruit and 
vegetable recommendations among overweight and obese adults significantly decreased from 
22.6% to 21.5% between 1996 and 2003 (Andreyeva, Long, Henderson, & Grode, 2010). 
Dietary changes, including adequate consumption of fruits and vegetables, have been 
associated with improvements in body composition and blood lipids (Djousse et al., 2004; 
Dragsted et al., 2006; Schroder, 2010). For these reasons, fruit and vegetable consumption is 
recognized as an essential component of medical nutrition therapy for obesity-related diseases. 
However, conflicting evidence exists as to how much influence dietary measures alone have in 
reducing risk factors for disease among overweight and obese individuals. Therefore, this study 
was designed to determine the effectiveness of a community-based fruit and vegetable education 
program and provision of fruits and vegetables on changes in fruit and vegetable consumption 
and biomarkers of chronic disease among overweight and obese adults. Goals were to increase 
participants‟ consumption of fruits and vegetables and evaluate subsequent changes in blood 
glucose, blood lipids, anthropometrics, BMI, and body composition.   
Methods 
Participants 
A convenience sample of male and female adults with a BMI of 25 kg/m
2
 or greater was 
recruited from two neighboring communities with a combined population of approximately 
135,000 residents. Information about the study, inclusion criteria, and contact information were 
posted on flyers that were distributed to businesses throughout the communities and sent out 
electronically via email. Exclusion criteria included being under18 years of age, a current 
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smoker, having a BMI lower than 25 kg/m
2
, or having a history of bariatric surgery. All 
participants were provided with information on the purpose, procedures, and potential benefits of 
the study, and written informed consent was obtained from each person. Study protocol was 
approved by the university institutional review board prior to implementation.   
Sixty-seven participants enrolled in the study and were randomly assigned to intervention 
groups. Fifty-four participants completed the study, which represented an attrition of 13 
participants (19.4%). Of the 13 participants who dropped out of the study, 10 dropped out 
immediately upon learning about which intervention group they were randomly assigned while 
the other three individuals dropped out because of an inability to attend the weekly education 
sessions due to conflicting schedules. No significant differences in gender, ethnicity, marital 
status, education completed, annual household income, or age existed between those who 
participated and those who dropped out. The final sample included 9 participants in the control 
group (18.2% attrition), 19 in the education group (34.5% attrition), and 26 in the fruit and 
vegetable group (3.7% attrition). No significant differences in anthropometrics, blood glucose, or 
blood lipids were noted between participants who completed the study and those that withdrew.  
Procedures 
The study was conducted in fall 2011 and consisted of three phases over a 14-week 
period: pre-testing (2 weeks), intervention (10 weeks), and post-testing (2 weeks). At pre-testing, 
demographic information was self-reported, and included age, gender, race/ethnicity, education 
level, annual income, and marital status. Participants were also asked to report medical history, 
use of prescription and over the counter medications, as well as intake of vitamin, mineral, or 
herbal supplements. In addition, participants were asked to report current physical activity, 
weight history, general eating habits, and frequency of smoking and alcohol consumption.  
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Food and nutrient intakes at pre- and post-testing were assessed using a three-day food 
record. Participants were provided with instructions and asked to record by hand everything they 
ate or drank over the course of two weekdays and a weekend day. To ensure accuracy, 
participants were encouraged to record foods and beverages as they consumed them over the 
three-day period. In addition, information about habitual fruit and vegetable intake was assessed 
using two questionnaires. These semi-quantitative food frequency questionnaires were developed 
by nutrition experts in the Department of Food and Nutrition at The University of Georgia and 
are based on the Block Food Frequency Questionnaire, which has been demonstrated to have 
validity and reliability (Garcia, 2005). Modifications to the original questionnaires have been 
recommended previously (Garcia, 2005; Wade, 2003) and included the addition of foods to the 
food frequency questionnaire as well as questions assessing knowledge, attitudes, and behaviors 
regarding fruit and vegetable consumption. In addition, a tenth frequency category (0/week) was 
added. Modifications to the food frequency questionnaire included the addition of oranges, 
grapefruit, and tangerines and fresh tomatoes (Wade, 2003), and addition of „prepared with 
tomato or vegetable sauce‟ to spaghetti or lasagna. On the pre-test, modifications included the 
addition of the following questions: (a) Do you eat more fresh fruits and vegetables when they 
are in season? If yes, which fruits and vegetables?; (b) Do you feel that fruits and vegetables are 
expensive?; (c) How are the fruits and vegetables that you eat usually prepared? (Wade, 2003); 
(d) Do you feel canned and frozen fruits and vegetables are just as good for you as fresh fruits 
and vegetables?; and (e) Are you concerned about chronic diseases, such as cancer or heart 
disease? (Garcia, 2005). Modifications to the post-test included the addition of the following: (a) 
Because of the information you learned in the lessons, do you think you are more willing to try 
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different fruits and vegetables?; and (b) Because of the information you learned in the lessons, 
did you replace foods previously consumed with fruits and vegetables? (Garcia, 2005). 
The modified pre-test and post-test food frequency questionnaires included 18 items, with 
six fruit items (100% orange juice, 100% cranberry/apple/purple grape juice, berries such as 
strawberries/blueberries/ blackberries, nectarines/peaches/apricots, 
oranges/grapefruits/tangerines, and cantaloupe/honeydew melon), and 12 vegetable items 
(broccoli/cabbage/cauliflower, leafy greens such as mustard greens/turnip greens/collard greens, 
corn, cooked or stewed tomatoes, spaghetti/lasagna with tomato or vegetable sauce, onions, 
squash/zucchini, spinach, sweet potatoes/yams, carrots, and baked beans/pintos/black-eyed 
peas/other beans). These particular fruits and vegetables were included on the questionnaires 
because they are known to contain a high concentration of antioxidants and consumption of them 
has been associated with reduced risk of chronic disease (Garcia, 2005). Frequencies were 
measured using 10 frequency categories (0/week, less than 1/week, 1/week, 2/week, 3/week, 
4/week, 5/week, 6/week, 1/day, or 2/day) for each food item. Additional information about 
knowledge, attitudes, and access to fruits and vegetables was assessed by binary response (yes, 
no) to 21 questions/statements on the pre-test questionnaire. Six of these questions/statements 
were also included on the post-test questionnaire while the remaining 15 were specific to the pre-
test questionnaire. 
Anthropometric data collected included height, weight, body composition, waist 
circumference, and BMI. All measurements were conducted by the same researcher, trained in 
the proper techniques. Height was measured with participants‟ shoes off using a stadiometer 
(HR-200, Tanita Corporation of America, Inc., Arlington Heights, IL). Participants were 
instructed to stand with their feet together, looking straight ahead. Weight and body composition 
121 
 
measures, including fat mass and fat free mass were measured with participants‟ in light 
clothing, with shoes and socks off, and with contents of pockets removed using a Tanita Body 
Composition Analyzer® (TBF-300A, Tanita Corporation of America, Inc., Arlington Heights, 
IL). Percent body fat was also calculated. Participants‟ waist circumference was measured at the 
top portion of the iliac crest, with a horizontal tape at the end of gentle exhalation. Body mass 
index was then calculated by the quotient between weight (kg) and the squared height (m
2
). 
Values for BMI were then applied to categorize overweight (25.0-29.9 kg/m
2
), obesity class I 
(30.0-34.9 kg/m
2
), obesity class II (35.0-39.9 kg/m
2
), and obesity class III (> 40.0 kg/m
2
), 
according to criteria established by the World Health Organization (WHO) (2006).  
During pre-test and post-test, a total of 30 mL of venous whole blood sample was drawn 
after a 12-hour overnight fast. All blood draws were scheduled and performed by a phlebotomist 
at a local hospital. Total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, and 
glucose were measured at the local hospital.  
Following pre-testing, participants were randomly assigned to one of three intervention 
groups: control, education, or fruit and vegetable. Random assignment was achieved using a 
table of random numbers (Thomas, Nelson, & Silverman, 2005). The final sample included 11 
participants in control, 29 in education, and 27 in the fruit and vegetable group. Participants 
assigned to the control group received no intervention. However, they were given the option of 
receiving the information about fruits and vegetables provided to other participants after the 
intervention was over. Participants in the education group received weekly information about the 
antioxidant content of fruits and vegetables, health benefits of fruit and vegetable consumption in 
relation to chronic disease, and the current recommendations for fruit and vegetable 
consumption. Participants assigned to the fruit and vegetable group received the same 
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information as participants in the education group. In addition, they received recommendations 
for incorporating fruits and vegetables into their current meal plan and samples of fruits and 
vegetables. The samples included fresh, frozen, or canned fruits and vegetables and were 
provided to participants at the weekly nutrition education sessions. The quantity provided to each 
fruit and vegetable group participant was the equivalent of one serving of fruits and two servings 
of vegetables per day for a week because on average, Americans fail to meet the recommended 
servings of fruits and vegetables by these amounts (CDC, 2007, March 16). Servings provided 
were consistent with the serving sizes listed in the 2010 U.S. Dietary Guidelines for Americans 
(U.S. Department of Health and Human Services [HHS], 2010). Participants in the fruit and 
vegetable group were encouraged to consume these fruits and vegetables as a supplement to their 
usual fruit and vegetable intake.  
All weekly nutrition lessons were approximately 30 minutes in duration and were taught 
by licensed, registered dietitians. All education sessions were held at a local university. 
Curriculum materials, developed by nutrition experts in the Department of Food and Nutrition at 
The University of Georgia (Garcia, 2005; Johnson et al., 2003), were used for the nutrition 
lessons. This curriculum was chosen because it was consistent with the purpose of the study, had 
been used for previous research (Garcia, 2005; Hendrix et al., 2008; Wade, 2003), and was 
readily available to the public via the Internet (Johnson et al., 2003). Curriculum materials 
included handouts describing how to purchase and store fruits and vegetables, nutrient content of 
various fruits and vegetables, and suggestions for incorporating fruits and vegetables into meals 
and snacks.   
After conclusion of the 10-week intervention, post-testing was initiated in order to 
evaluate changes in fruit and vegetable consumption, blood glucose, lipids, and anthropometrics. 
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The post-test questionnaire included the same listing of fruits and vegetables and six binary 
response questions as the pre-test questionnaire. In addition, the post-test questionnaire featured 
12 binary response questions to assess behavior change.  
Statistical Analysis 
 All statistical analyses were performed using PASW version 18.0 (SPSS Inc., Chicago, 
IL). Chi square analyses were used to assess differences between intervention groups in regard to 
demographics. The mean fruit and vegetable consumption frequency was calculated based on the 
conversion factor shown in Table 15.  
Table 15 
 
Calculations for the Mean Fruit and Vegetable Consumption Frequency 
 
Frequency Indicated on FFQ Conversion to Weekly Frequency 
for Statistical Analysis (x7) 
Never 0 
Less than 1 per week .07 
1 per week .14 
2 per week .29 
3 per week .43 
4 per week .57 
5 per week .71 
6 per week .86 
1 per day 1.0 
2 per day 2.0 
Note. FFQ = food frequency questionnaire. 
 
Descriptive statistics, including frequencies, means, standard error of the mean, and standard 
deviations were generated for all participants completing both pre-test and post-test. Paired 
sample t-tests were used to evaluate mean differences in blood glucose, blood lipid profiles, 
BMI, and body composition from pre-test to post-test for all participants and within the three 
groups: control, nutrition education, and fruit and vegetable. Pearson correlation analysis was 
124 
 
then used to evaluate relationships between changes in fruit and vegetable consumption and 
changes in blood glucose, blood lipids, BMI, waist circumference, and body composition from 
pre-test to post-test. Finally, one-way ANOVA analyses were used to test the hypothesis that 
nutrition education about antioxidant properties and content of fruits and vegetables with and 
without provision of fruits and vegetables had a differential effect on blood glucose, lipids, and 
anthropometrics from pre-test to post-test compared to no intervention. An alpha level of < .05 
was selected to indicate statistical significance. 
Results 
Baseline characteristics for all participants are depicted in Table 16. Participants were 
predominantly female (64.8%), white (92.5%), married or partnered (75.9%), and reported an 
annual household income in the range of $50,000-$99,999 (44.4%). Chi square tests for 
independence did not indicate differences in proportions in regard to gender (male, female), 
ethnicity (white, non-white), relationship status (married, other), or reported annual household 
income (<$39,999, >$40,000) between intervention groups.   
The mean weekly consumption frequencies at both pre-test and post-test were calculated 
for fruits, vegetables, total fruits and vegetables, and fruits and vegetables high in beta carotene 
(leafy greens; spinach; sweet potatoes or yams; carrots), lutein and zeaxanthin (leafy greens; 
spinach), lycopene (cooked or stewed tomatoes; fresh tomatoes, spaghetti or lasagna prepared 
with tomato or vegetable sauce), and vitamin C (100% orange juice; berries; broccoli, cabbage, 
or cauliflower; oranges, grapefruit, or tangerines; cantaloupe or honeydew melon; leafy greens; 
cooked or stewed tomatoes; fresh tomatoes; sweet potatoes or yams). These values are depicted 
in Table 17.  
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Table 16 
Characteristics of Study Participants 
 
 
Characteristic 
Total  
sample  
(N = 54) 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable 
group 
(n = 26) 
 n n n n 
Gender      
 Male 19 5 8 6 
 Female 35 4 11 20 
Ethnicity      
 White 50 7 19 24 
 Asian 3 2 0 1 
 Latin American 1 0 0 1 
Marital status      
 Single 7 1 2 4 
 Married/Partnered 41 7 14 20 
 Divorced 5 1 2 2 
 Widowed 1 0 1 0 
Education completed     
 High school/GED 3 0 3 0 
 Some college 6 2 2 2 
 2-year college degree 6 0 3 3 
 4-year college degree 18 3 5 10 
 Master‟s degree 14 2 5 7 
 Professional/Doctoral degree 7 2 1 4 
Annual household income      
 $10,000-$49,999 18 2 6 10 
 $50,000-$99,999 24 5 10 9 
 $100,000-$149,999 10 2 2 6 
 More than $150,000 2 0 1 1 
Age (y, Mean ± S.D.) 44.7 ± 12.1 41.4 ± 13.3 45.5 ± 11.9 45.2 ± 12.1 
Note. y = years; S.D. = standard deviation. 
1
2
5
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Table 17 
Mean Weekly Frequencies of Fruit and Vegetable Consumption by Category 
 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group 
(n = 19) 
Fruit and Vegetable  
group 
(n = 25)  
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Total fruits and vegetables (times/week)    
 Pre 17.5 ± 9.8 .43 17.6 ± 7.7 .02* 21.4 ± 13.2 .03* 
 Post 19.4 ± 8.8 24.1 ± 12.5 26.5 ± 12.0 
Total fruits (times/week)    
 Pre 4.6 ± 3.9 .84 5.6 ± 3.8 .09 6.4 ± 4.6 .04* 
 Post 4.9 ± 6.1 8.1 ± 5.4 8.0 ± 4.3 
Total vegetables (times/week)    
 Pre 12.9 ± 7.9 .40 12.0 ± 5.9 .02* 15.0 ± 10.5 .06 
 Post 14.4 ± 7.5 16.1 ± 9.4 18.5 ± 9.4 
High in beta carotene (times/week)    
 Pre 3.8 ± 2.2 .12 4.0 ± 2.9 .02* 4.9 ± 4.9 .02* 
 Post 5.5 ± 3.6 6.6 ± 4.4 7.3 ± 4.3 
High in vitamin C (times/week)    
 Pre 10.8 ± 8.2 .99 10.2 ± 6.0 .01* 12.7 ± 9.2 .01* 
 Post 10.8 ± 6.6 15.8 ± 9.3 17.5 ± 8.6 
High in lutein and zeaxanthin (times/week)    
 Pre 1.6 ± 1.6 .11 1.7 ± 1.7 .01* 2.0 ± 3.0 .01* 
 Post 2.4 ± 2.1 3.6 ± 3.0 4.1 ± 3.3 
High in lycopene (times/week)    
 Pre 5.0 ± 3.7 .65 3.5 ± 2.8 .10 5.0 ± 5.2 .96 
 Post 4.6 ± 2.7 4.6 ± 3.8 5.0 ± 3.8 
Note. S.D. = standard deviation. 
The mean frequency derived from responses on food frequency questionnaires and calculated according to conversion depicted in Table 15. 
*Indicates significant difference in the mean frequency consumed from pre-test to post-test.  
 
1
2
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A total of 43 participants completed a blood draw at both pre-test and post-test. Of these, 
7 participants were in the control group, 14 in the education group, and 22 in the fruit and 
vegetable group. Mean concentrations of total cholesterol, triglycerides, HDL cholesterol, LDL 
cholesterol, and fasting glucose at both pre-test and post-test are depicted in Table 18. When 
changes in blood glucose and lipids from pre- to post-test were analyzed by intervention group, 
no significant changes were noted for participants in the control group. In the education group, a 
paired sample t-test indicated a significant mean decrease in LDL cholesterol from pre-test (M = 
95.79 mg/dL) to post-test (M = 86.86 mg/dL), t(13) = -2.34, p = .04. The 95% confidence 
interval for this difference was .70 < µ < 17.16. An effect size, measured as Cohen‟s d, of .18 
indicated that this was a small effect. No other significant changes from pre- to post-test were 
indicated for participants in the education group. A significant mean increase in blood glucose 
from pre-test (M = 95.68 mg/dL) to post-test (M = 102.64 mg/dL) was indicated for participants 
in the fruit and vegetable group, t(21) = 2.43, p = .02. The 95% confidence interval for this 
difference was -12.90 < µ < -1.01. An effect size, as measured by Cohen‟s d, of .51 indicated 
that this was a medium effect. No significant mean differences in blood lipids were seen among 
participants in the fruit and vegetable group. The differences in blood glucose and lipids noted 
among all participants as well as individual intervention groups remained significant even after 
removing all concentrations greater than two standard deviations above or below the mean (data 
not shown).  
Anthropometric measurements, including weight, BMI, percent body fat, fat mass, fat 
free mass, and waist circumference were also collected and calculated at both pre-test and post-
test. Mean values of all measurements are depicted in Table 19. Results of paired sample t-tests  
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Table 18 
Mean Concentrations of Blood Glucose and Blood Lipids 
 
Variable Name  
and Description 
Control  
group  
(n = 7) 
Education  
group  
(n = 14) 
Fruit and Vegetable  
group 
(n = 22) 
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Blood glucose (mg/dL)    
 Pre 99.1 ± 9.6 .84 97.9 ± 11.6 .73 95.7 ± 14.2 .02* 
 Post 100.1 ± 13.6 97.1 ± 9.1 102.6 ± 23.0 
Total cholesterol (mg/dL)    
 Pre 177.1 ± 26.7 .19 170.4 ± 34.2 .13 186.1 ± 32.0 .28 
 Post 168.3 ± 22.5 162.2 ± 35.3 180.8 ± 20.8 
Triglycerides (mg/dL)    
 Pre 165.3 ± 157.2 .34 116.5 ± 54.0 .29 124.1 ± 68.8 .52 
 Post 145.6 ± 110.0 129.0 ± 79.4 129.7 ± 68.5 
HDL cholesterol (mg/dL)    
 Pre 48.9 ± 11.5 .36 51.2 ± 14.3 .31 53.6 ± 12.6 .45 
 Post 46.7 ± 8.2 49.5 ± 12.8 52.8 ± 13.3 
LDL cholesterol (mg/dL)    
 Pre 101.5 ± 19.0 .42 95.8 ± 27.2 .04* 103.8 ± 24.8 .41 
 Post 96.0 ± 19.0 86.9 ± 27.4 100.6 ± 17.1 
Note. mg/dL = milligrams per deciliter; S.D. = standard deviation. 
*Indicates a significant mean difference from pre-test to post-test. 
1
2
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Table 19 
Mean Anthropometric, BMI, and Body Composition Measures 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group  
(n = 19) 
Fruit and Vegetable  
group 
(n = 26) 
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Weight (kg)    
 Pre 93.9 ± 26.5 .51 99.5 ± 24.4 .47 99.1 ± 24.3 .42 
 Post 94.2 ± 26.2 99.0 ± 24.0 99.5 ± 24.1 
BMI (kg/m2)    
 Pre 33.0 ± 11.1 .68 32.5 ± 6.2 .45 33.8 ± 7.7 .43 
 Post 33.1 ± 10.9 32.3 ± 6.0 33.9 ± 7.6 
Body fat (%)    
 Pre 33.9 ± 13.2 .13 38.4 ± 8.1 .52 40.4 ± 8.8 .09 
 Post 34.6 ± 13.3 38.8 ± 8.0 41.1 ± 8.9 
Fat mass (kg)    
 Pre 34.1 ± 21.1 .14 38.5 ± 14.4 .57 40.9 ± 14.6 .20 
 Post 34.8 ± 21.2 39.0 ± 14.4 41.6 ± 14.6 
Fat free mass (kg)    
 Pre 59.8 ± 11.8 .44 60.7 ± 14.8 .15 58.3 ± 14.4 .44 
 Post 59.4 ± 11.9 59.9 ± 13.8 57.9 ± 15.1 
Waist circumference (cm)       
 Pre 110.8 ± 22.2 .74 114.1 ± 16.2 .86 117.5 ± 18.4 .07 
 Post 110.3 ± 19.0 113.8 ± 14.4 116.2 ± 18.3 
Note. kg = kilograms; m = meters; cm = centimeters; S.D. = standard deviation. 
1
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did not reveal significant differences in mean values of any of these measurements from pre-test 
to post-test in any of the intervention groups.  
Mean changes in frequency of fruit and vegetable consumption, blood glucose, total 
cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides from pre- to post-test are 
depicted in Table 20. Results of a Pearson correlation analysis indicated a small, moderately 
significant negative correlation between changes in consumption of fruits and vegetables high in 
lutein and zeaxanthin and LDL cholesterol (r = -.31, p = .049). No other correlations existed 
between changes in fruit and vegetable consumption and changes in blood glucose and lipid 
concentrations (Table 21).   
Mean changes in fruit and vegetable consumption frequency, BMI, waist circumference, 
fat mass, and fat free mass from pre- to post-test are depicted in Table 22. Results of Pearson 
correlation analyses indicated small, negative correlations between change in total vegetable 
consumption and change in weight (r = -.27, p = .047) and BMI (r = -.28, p = .045). In addition, 
small, negative correlations existed between change in consumption of fruits and vegetables high 
in lycopene and change in weight (r = -.38, p = .01) and BMI (r = -.39, p = .00) (Table 23).  
Finally, one-way ANOVAs were conducted to evaluate differences in blood glucose, 
lipids, and anthropometrics over time between the three intervention groups. The independent 
variable, intervention group, included three levels: control, education, and fruit and vegetable. 
The dependent variables were the changes in blood glucose, lipids, and anthropometrics from 
pre-test to post-test. No significant differences in changes in blood glucose, lipids, or 
anthropometrics over time between the three intervention groups were indicated. 
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Table 20 
Mean Differences in Blood Glucose, Blood Lipids, and Fruit and Vegetable Consumption Frequency from Pre-Test 
to Post-Test 
Variable Name  
and Description 
Control  
group  
Education  
group  
Fruit and vegetable 
group  
 Mean change Mean change Mean change 
Blood glucose (mg/dL) 1.0 -.7 7.0 
Total cholesterol (mg/dL) -8.9 -8.1 -5.2 
Triglycerides (mg/dL) -19.7 12.5 5.5 
HDL cholesterol (mg/dL) -2.1 -1.7 -.9 
LDL cholesterol (mg/dL) -5.5 -8.9 -3.3 
 n = 7 n = 14 n = 23 
    
Total fruit and vegetable intake (times/week) 1.9 6.5 5.1 
Fruit intake (times/week) .3 2.5 1.6 
Vegetable intake (times/week) 1.5 4.1 3.5 
High in beta carotene (times/week) 1.7 2.6 2.4 
High in vitamin C (times/week) 0 5.6 4.8 
High in lutein and zeaxanthin (times/week) .8 1.9 2.1 
High in lycopene (times/week) .4 1.1 0 
 n = 9 n = 19 n = 25 
Note. mg/dL = milligrams per deciliter; svgs = servings. 
Negative values indicate a decrease from pre-test to post-test. 
Mean differences in fruit and vegetable consumption frequencies derived from responses on food frequency questionnaires and calculated 
according to conversion depicted in Table 15. 
1
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Table 21 
 
Correlations Among Changes in Fruit and Vegetable Consumption and Changes in Blood Glucose and Lipids 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 
1. Total fruit and vegetable intake --- .71* .91* .63* .60* .72* .91* .04 -.16 -.02 .01 -.22 
2. Fruit intake  --- .35* .19 .23 .35* .75* .08 -.09 -.05 .04 -.12 
3. Vegetable intake   --- .73* .66* .75* .76* -.01 -.16 .01 -.01 -.23 
4. High in beta carotene    --- .82* .23 .46* -.09 -.19 -.15 .07 -.24 
5. High in lutein and zeaxanthin     --- .30* .53* -.10 -.21 -.11 .12 -.31* 
6. High in lycopene      --- .74* .05 -.08 .05 -.00 -.17 
7. High in vitamin C       --- .00 -.16 -.20 .08 -.16 
8. Blood glucose        --- .15 .30 -.18 .11 
9. Total cholesterol         --- .17 .62* .90* 
10. Triglycerides          --- -.22 -.21 
11. HDL cholesterol           --- .48* 
12. LDL cholesterol            --- 
Note. HDL = high density lipoprotein; LDL = low density lipoprotein.  
*Indicates a significant correlation (p < .05). 
1
3
2
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 Table 22 
 
Mean Differences in Anthropometrics, BMI, Body Composition, and Fruit and Vegetable Consumption 
Frequency from Pre-Test to Post-Test 
Variable Name  
and Description 
Control  
group  
Education  
group  
Fruit and vegetable 
group  
 Mean change Mean change Mean change 
Weight (kg) 1.6 -.5 .4 
BMI (kg/m2) .5 -.2 .1 
Body fat (%) 1.7 .4 .7 
Fat mass (kg) 1.8 .5 .7 
Fat free mass (kg) .7 -.8 -.3 
Waist circumference (cm) 2.6 -.3 -1.7 
 n = 9 n = 19 n = 26 
    
Total fruit and vegetable intake (times/week) 1.9 6.5 5.1 
Fruit intake (times/week) .3 2.5 1.6 
Vegetable intake (times/week) 1.5 4.1 3.5 
High in beta carotene (times/week) 1.7 2.6 2.4 
High in vitamin C (times/week) 0 5.6 4.8 
High in lutein and zeaxanthin (times/week) .8 1.9 2.1 
High in lycopene (times/week) .4 1.1 0 
 n = 9 n = 19 n = 25 
Note. kg = kilograms; m = meters; cm = centimeters; svgs = servings. 
Negative values indicate a decrease from pre-test to post-test. 
Mean differences in fruit and vegetable consumption frequencies derived from responses on food frequency questionnaires and 
calculated according to conversion depicted in Table 15. 
1
3
3
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Table 23 
 
Correlations Among Changes in Fruit and Vegetable Consumption and Changes in Anthropometrics, BMI, and Body 
Composition Measures 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 
 
1. Total fruit and vegetable intake --- .71* .91* .63* .60* .72* .91* -.26 -.25 -.16 -.15 -.08 -.17 
2. Fruit intake  --- .35* .19 .23 .35* .75* -.11 -.10 -.06 -.08 -.04 -.20 
3. Vegetable intake   --- .73* .66* .75* .76* -.27* -.28* -.18 -.16 -.08 -.11 
4. High in beta carotene    --- .82* .23 .46* -.03 -.03 -.02 .03 -.03 .02 
5. High in lutein and zeaxanthin     --- .30* .53* -.08 -.09 -.05 -.00 -.06 .10 
6. High in lycopene      --- .74* -.38* -.39* -.21 -.25 -.10 -.08 
7. High in vitamin C       --- -.25 -.24 -.15 -.16 -.07 -.17 
8. Weight        --- 1.0* .56* .70* .16 .26 
9. BMI         --- .54* .68* .18 .25 
10. Body fat          --- .94* -.69* -.02 
11. Fat mass           --- -.57* .02 
12. Fat free mass            --- .27* 
13. Waist circumference             --- 
Note. BMI = body mass index. 
*Indicates a significant correlation (p < .05) 
1
3
4
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Discussion 
Findings from the present study indicated that at pre-test, participants‟ mean BMI of 
33.22 kg/m
2
 was indicative of obesity class I, according to the WHO (2006). Mean waist 
circumference among males was 118.44 centimeters (46.63 inches) and 113.71 centimeters 
(44.77 inches) among females. According to Han et al., (2006), a waist circumference of greater 
than or equal to 102 centimeters (40 inches) in men and greater than or equal to 88 centimeters 
(35 inches) in women is associated with a high level of risk for type 2 diabetes, cardiovascular 
disease, and hypertension. Thus, participants in this study were at increased risk for chronic 
disease secondary to elevated BMI and waist circumference.  
According to the HHS (2009), goals for blood lipids include less than 200 mg/dL of total 
cholesterol, less than 100 mg/dL LDL cholesterol, greater than or equal to 60 mg/dL HDL 
cholesterol, and less than 150 mg/dL triglycerides. Participants‟ mean concentrations at pre-test 
indicated they met the guidelines for total cholesterol and triglycerides but were slightly above 
the recommendation for LDL cholesterol and below the target goal for HDL cholesterol, both of 
which put them at increased risk of heart disease. An evaluation of changes in blood glucose and 
lipids following the nutrition education intervention indicated a significant mean decrease in 
LDL cholesterol among participants in the education group. Fruit and vegetable intake has been 
inversely associated with LDL cholesterol (Djousse et al., 2004) and similar decreases in LDL 
cholesterol following consumption of fruits and vegetables were observed by Dragsted et al. 
(2006). Among fruit and vegetable group participants, a significant mean increase in blood 
glucose from pre-test to post-test was indicated. However, additional analysis with diabetic 
participants excluded showed no significant difference in mean blood glucose from pre-test to 
post-test. Thus, the mean increase likely reflected elevated morning glucose concentrations 
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among participants diagnosed with diabetes mellitus prior to the study rather than a result of 
increased fruit and vegetable consumption over the intervention period. No other changes in 
blood glucose or lipids were noted among either education or fruit and vegetable group 
participants. Previous findings regarding fruit and vegetable consumption and blood lipids have 
been mixed. Some studies have reported associations between intake of fruits and vegetables and 
increased HDL cholesterol (Fisk II, Middaugh, Rhee, & Brunt, 2011) and decreased total 
cholesterol (Dragsted et al., 2006) while others have reported no effects of fruit and vegetable 
consumption on HDL cholesterol (Djousse et al., 2004). No changes in either blood glucose or 
lipids were observed from pre-test to post-test for participants in the control group. 
Results failed to indicate significant changes in anthropometric measurements following 
the 10-week nutrition education intervention. Possible explanations for the lack of changes 
include the time of year in which the study was conducted and a lack of emphasis on weight and 
body composition throughout the nutrition education sessions. Participants began the study at the 
end of summer and were likely more active then at the end of the study, which occurred in the 
winter. In addition, the intervention focused on disease prevention awareness, the health benefits 
of consuming fruits and vegetables, decreasing barriers to consumption, and increasing 
participants‟ intake of fruits and vegetables. While recommended serving sizes were discussed, 
and replacement of previously consumed energy-dense, nutrient-poor foods with fruits and 
vegetables was encouraged, changes in weight and body composition were not included in the 
objectives. Such measures are difficult to alter without specific emphasis on controlling energy 
intake and expenditure (Seagle, Strain, Makris, & Reeves, 2009), neither of which were goals of 
the present study. It should also be noted that mean energy consumption among all participants 
did not differ from pre-test to post-test (data not shown).  
137 
 
While significant changes in anthropometrics were not observed from pre-test to post-
test, significant increases in the frequency of fruit and vegetable consumption among education 
and fruit and vegetable group participants were observed following the nutrition education 
intervention. In addition, these increases were associated with decreased anthropometric 
measurements following the intervention. Specifically, an increase in total weekly vegetable 
consumption was associated with decreases in both weight and BMI. These findings are 
consistent with previous research indicating associations between increased consumption of 
fruits and vegetables, weight loss (Champagne et al., 2011; Hermsdorff, Zulet, Pachau, & 
Martinez, 2010; Schroder, 2010), and lower values of BMI and waist circumference (Hermsdorff 
et al., 2010). This suggests that promotion of fruit and vegetable consumption via nutrition 
education may be beneficial in weight loss interventions.  
When broken down by nutrient content, associations were seen between increased weekly 
consumption of fruits and vegetables high in lycopene and decreased weight and BMI. In 
addition, increased consumption of fruits and vegetables high in lutein and zeaxanthin was 
associated with decreased LDL cholesterol. This finding emphasizes potential differences among 
fruits and vegetables in regard to nutrient content. Consuming fruits and vegetables with higher 
antioxidant content may produce more favorable changes in risk factors for chronic disease 
compared to fruits and vegetables with lower antioxidant content.  
While significant changes in blood lipids over the course of the study were seen among 
participants who received nutrition education, significant differences between intervention 
groups were not observed. A possible reason for lack of differences between those who received 
the interventions and those who did not may be due to the small sample size of intervention 
groups and subsequent lack of statistical power. Other studies assessing outcomes of increased 
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fruit and vegetable intake on biomarkers of chronic disease have produced favorable results 
(Djousse et al., 2004; Dragsted et al., 2006; Fisk II et al., 2011). While not significantly different 
from the control group, fruit and vegetable consumption increased among participants who 
received nutrition education with or without the provision of fruits and vegetables and 
associations existed between increased intake and improved blood lipids and anthropometrics.  
Limitations 
One limitation of this study was that it utilized a convenience sample of overweight and 
obese adults. However, the convenience sample was recruited from two communities with a 
combined population of 135,000 and all participants were randomly assigned to one of the three 
intervention groups. Another limitation was the unequal sample sizes of the intervention groups. 
According to an 80% power calculation, 16 participants were needed in each intervention group 
in order to detect statistical significance (Eng, 2003). While this was known prior to random 
assignment, researchers chose to assign more participants to the education and fruit and 
vegetable groups compared to the control group in order to account for probable attrition over 
the course of the study. Because of this, the final number of participants in the control group fell 
short of the required sample size, which may have prevented detection of significant differences. 
In addition, while use of lipid lowering medications was accounted for prior to data analysis, 
consumption of energy and individual macronutrients and micronutrients was not. These factors 
may have impacted weight, body composition, blood glucose, and blood lipid concentrations. 
Also, dietary intake assessment was based on three-day food records and semi-quantitative food 
frequency questionnaires. Knowledge of the study purpose may have influenced participants to 
overestimate consumption of fruits and vegetables on these instruments. A final limitation was a 
lack of follow-up following the study conclusion. Without post-intervention data, it is unknown 
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if improvements in fruit and vegetable consumption and biomarkers of chronic disease were 
maintained after the conclusion of the intervention.  
Conclusion 
Participants in the present study were obese and at high risk for chronic disease as 
evidenced by BMIs and waist circumferences. In addition, mean LDL cholesterol and HDL 
cholesterol concentrations at pre-test combined with low fruit and vegetable consumption 
contributed to increased disease risk. Findings indicated that increased fruit and vegetable 
consumption frequency among participants was associated with improvements in biomarkers of 
chronic disease. While nutrition education was helpful in increasing fruit and vegetable 
consumption, it may be necessary to promote intake of antioxidant-rich fruits and vegetables 
while concurrently emphasizing management of overall energy intake in order to allow for 
favorable changes in blood glucose, lipids, and anthropometrics.  
Research on the long-term effects of nutrition education interventions on changes in fruit 
and vegetable consumption and biomarkers of chronic disease in overweight and obese adults is 
limited. If maintained, improvements in fruit and vegetable consumption could potentially 
contribute to weight loss, improved blood glucose and lipids, and ultimately decreased disease 
risk in overweight and obese adults. Study methodologies that control for total energy 
consumption and include post-intervention follow ups to determine long-term effectiveness of 
nutrition education on changes in fruit and vegetable consumption and biomarkers of chronic 
disease are warranted.  
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EFFECTIVENESS OF NUTRITION EDUCATION AND FRUIT AND VEGETABLE 
CONSUMPTION ON CHANGES IN BIOMARKERS OF INFLAMMATION AND 
OXIDATIVE STRESS AMONG OVERWEIGHT AND OBESE ADULTS 
Abstract 
The growing prevalence of overweight and obesity among adults is concerning because 
of the numerous health conditions associated with excess weight. Underlying mechanisms 
believed to contribute to these detrimental health outcomes are oxidative stress and 
inflammation. Fortunately, regulation of oxidative stress and inflammation is possible via 
antioxidants consumed through a diet adequate in fruits and vegetables. However, adults‟ 
consumption of fruits and vegetables is below recommended amounts, which places them at 
increased risk for chronic diseases. This study was designed to determine the effectiveness of a 
community-based fruit and vegetable education program and provision of fruits and vegetables 
on consumption of fruits, vegetables, antioxidants, and changes in biomarkers of inflammation 
and oxidative stress among overweight and obese adults. Forty-seven adults (16 men/31 women; 
45.9 ± 11.8 y; BMI 32.7 kg/m
2
) were randomly assigned to one of three intervention groups. The 
control group received no intervention, the education group attended weekly nutrition education 
lessons, and the fruit and vegetable group attended weekly nutrition education lessons and 
received one serving of fruits and two servings of vegetables per day for 10 weeks. Fasting blood 
draws were conducted and consumption of fruits, vegetables, and antioxidants were assessed 
using three-day food records. Results indicated that changes in consumption of fruits, vegetables, 
and antioxidants among participants were minimally associated with improvements in 
biomarkers of inflammation and oxidative stress. However, adequate and varied consumption of 
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fruits and vegetables is recommended to aid in the prevention and regulation of inflammation 
and oxidative stress. 
Introduction 
In the U.S., more than 60% of adults are overweight or obese (Centers for Disease 
Control and Prevention [CDC], 2011, November 17). The rising rates of overweight and obesity 
are particularly concerning because of the numerous health conditions associated with excess 
weight, including heart disease, type 2 diabetes mellitus, hypertension, hyperlipidemia, and 
stroke (CDC, 2009, August 19; National Heart, Lung, and Blood Institute, 2011). An underlying 
mechanism believed to contribute to these detrimental health outcomes is the inflammatory 
process (Dowd, Zajacova, & Aiello, 2010). Excess fat or adipose tissue contributes to disruption 
of metabolic homeostasis (Nguyen, Lane, Smith, & Nguyen, 2009) and leads to an accumulation 
of free radicals (Viera et al., 2009). The presence of free radicals perpetuates the secretion of 
proinflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), which induce the 
release of C-reactive protein (CRP) from the liver (Camhi, Stefanick, Ridker, & Young, 2010; 
Federico et al., 2010; Marinou, Tousoulis, Antonopoulos, Stefanadi, & Stefanadis, 2010). The 
increased concentration of inflammatory cytokines and CRP result in a state of chronic, obesity-
induced, low-grade inflammation, which is associated with increased disease risk (Stienstra, 
Duval, Muller, & Kersten, 2007). Fortunately, the body is able to prevent accumulation of free 
radicals via antioxidants, which donate electrons in order to stabilize free radicals and prevent 
oxidative damage (Jones & DeLong, 2000).  
While some antioxidants are present in the body, others such as vitamins and minerals 
must be consumed through the diet (Cilla et al., 2009; Mayes & Botham, 2003). Plant foods, 
including fruits and vegetables, have a substantially higher antioxidant content compared to 
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meat, fish, and other animal-based foods (Carlsen et al., 2010). Because of their excellent 
nutrient profiles, consumption of fruits and vegetables is widely encouraged (Hansen et al., 2010; 
Hermsdorff, Zulet, Pachau, & Martinez, 2010; Polidori et al., 2009). However, according to the 
CDC (2010, September 10), less than 15% of adults in the U.S. consume the recommended five 
or more servings per day of fruits and vegetables, with rates decreasing among some adult 
cohorts. Among overweight and obese adults, fruit and vegetable consumption was observed to 
significantly decrease from 22.6% to 21.5% over an eight-year period from 1996 to 2003 
(Andreyeva, Long, Henderson, & Grode, 2010). 
Previous studies have assessed the influence of educational interventions on fruit and 
vegetable consumption (Chapman, 2010; Guillaumie, Godin, & Vezina-Im, 2010; Ransley et al., 
2010), antioxidant consumption (Chun et al., 2010; Kusano & Ferrari, 2008), role of antioxidants 
in oxidative stress (Carlsen et al., 2010; Dilis & Trichopoulou, 2010; McAnulty et al., 2010; 
Vertuani et al., 2004), and the correlation between fruit and vegetable consumption and 
inflammation in healthy individuals (Hermsdorff et al., 2010; Polidori et al., 2009; Talegawkar et 
al., 2009) and found favorable results. However, research examining the effects of both nutrition 
education and provision of fruits and vegetables on biomarkers of inflammation and oxidative 
stress is lacking. Therefore, this study was designed to determine the effectiveness of a 
community-based fruit and vegetable education program and provision of fruits and vegetables 
on consumption of fruits, vegetables, antioxidants, and changes in biomarkers of inflammation 
and oxidative stress among overweight and obese adults. Goals were to increase participants‟ 
consumption of fruits and vegetables and evaluate subsequent changes in antioxidant 
consumption and inflammatory and oxidative stress biomarkers.   
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Methods 
Participants 
A convenience sample of male and female adults with a body mass index (BMI) of 25 
kg/m
2
 or greater was recruited from two neighboring communities with a combined population 
of approximately 135,000 residents. Information about the study, inclusion criteria, and contact 
information were posted on flyers that were distributed to businesses throughout the 
communities and sent out electronically via email. Additional information about the study was 
provided upon request. Exclusion criteria included being under18 years of age, a current smoker, 
having a BMI lower than 25 kg/m
2
, or having a history of bariatric surgery. All participants were 
provided with information on the purpose, procedures, and potential benefits of the study, and 
written informed consent was obtained from each person. Study protocol was approved by the 
university‟s Institutional Review Board prior to implementation.   
Procedures 
The study was conducted in fall 2011 and consisted of three phases over a 14-week 
period: pre-testing (2 weeks), intervention (10 weeks), and post-testing (2 weeks). Sixty-seven 
participants were originally enrolled in the study. A total of 47 completed both pre-test and post-
test food records. Of these, 8 participants were in the control group, 15 were in the education 
group, and 24 were in the fruit and vegetable group. At pre-testing, demographic information 
was self-reported, and included age, gender, race/ethnicity, education level, annual income, and 
marital status. Participants were also asked to report medical history and used of prescription and 
over the counter medications, as inflammatory conditions or use of anti-inflammatory 
medications needed to be accounted for prior to data analysis. Information about habitual fruit 
and vegetable intake was also assessed. Participants reported fruit and vegetable consumption at 
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both pre-test and post-test, using modified versions of two semi-quantitative food frequency 
questionnaires developed by nutrition experts in the Department of Food and Nutrition at The 
University of Georgia (Garcia, 2005). 
Food and nutrient intake at pre- and post-testing were assessed using a three-day food 
record. Validity of food records in assessment of energy and nutrient intake has been 
demonstrated in previous studies of adults (Comrie, Masson, & McNeill, 2009; Drapeau et al., 
2007; Shuaibi, Sevenhuysen, & House, 2008). Three-day food records have been observed to 
provide comparable accuracy as seven-day food records, require less participant burden, and 
have been shown to result in improved compliance (Larkin, Metzner, & Guire, 1991). 
Participants were provided with instructions and asked to record by hand everything they ate or 
drank over the course of two weekdays and a weekend day. To ensure accuracy, participants 
were encouraged to record foods and beverages as they consumed them over the three-day 
period. Data collected from the three-day food records were analyzed using The Food 
Processor® (ESHA Research, Salam, OR). A Registered Dietitian entered the food type and 
quantity recorded into the program for analysis. To ensure validity, all data were entered by the 
same individual. Participant‟s age, gender, height, weight, and physical activity level were also 
entered into the program to allow for comparison with U.S. Dietary Guideline recommendations 
(U.S. Department of Health and Human Services [HHS], 2010) for servings from each food 
group. 
During pre-test and post-test, anthropometric data were collected, including height, 
weight, waist circumference, and body mass index. In addition, a total of 30 mL of venous whole 
blood sample was drawn after a 12-hour overnight fast. Blood samples at both pre-test and post-
test were collected from a total of 40 participants (6 in the control group, 12 in the education 
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group, and 22 in the fruit and vegetable group). All blood draws were scheduled and performed 
by a phlebotomist at a local hospital. Within 30 minutes of blood being drawn, EDTA-plasma 
samples were separated from whole blood by laboratory staff at the hospital and frozen 
immediately at -80
 
degrees Celsius (C). Samples were transferred from the local hospital to the 
university in ice and stored in a freezer at -80 degrees C.  
Following pre-testing, participants were randomly assigned to one of three intervention 
groups: control, education, or fruit and vegetable. Random assignment was achieved using a 
table of random numbers (Thomas, Nelson, & Silverman, 2005). The final sample included 11 
participants in control, 29 in education, and 27 in the fruit and vegetable group. The study 
intervention was 10 weeks in duration. Participants assigned to the control group received no 
intervention. However, they were given the option of receiving the information about fruits and 
vegetables provided to other participants after the intervention was over. Participants in the 
education group received weekly information about the antioxidant content of fruits and 
vegetables, the role of antioxidants in the inflammatory process, and the current 
recommendations for fruit and vegetable consumption. Participants assigned to the fruit and 
vegetable group received the same information as participants in the education group. In 
addition, they received recommendations for incorporating fruits and vegetables into their 
current meal plan and samples of fruits and vegetables. The samples of fruits and vegetables 
included fresh, frozen, or canned fruits and vegetables and were provided to participants at the 
weekly nutrition education sessions. The quantity provided to each fruit and vegetable group 
participant was the equivalent of one serving of fruits and two servings of vegetables per day for 
a week because on average, Americans fail to meet the recommended servings of fruits and 
vegetables by these amounts (CDC, 2007, March 16). Servings provided were consistent with the 
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serving sizes listed in the 2010 U.S. Dietary Guidelines for Americans (HHS, 2010). Participants 
in the fruit and vegetable group were encouraged to consume these fruits and vegetables as a 
supplement to their usual fruit and vegetable intake.  
All nutrition education was taught by licensed, registered dietitians. Nutrition lessons, 
approximately 30 minutes in duration, were provided weekly. All education sessions were held 
at a local university. Curriculum materials, developed by nutrition experts in the Department of 
Food and Nutrition at The University of Georgia (Garcia, 2005; Johnson et al., 2003), were used 
for the nutrition lessons. This curriculum was chosen because it was consistent with the purpose 
of the study, had been used for previous research (Garcia, 2005; Hendrix et al., 2008; Wade, 
2003), and was readily available to the public via the Internet (Johnson et al., 2003). Curriculum 
materials included handouts describing how to purchase and store fruits and vegetables, nutrient 
content of various fruits and vegetables, and suggestions for incorporating fruits and vegetables 
into meals and snacks.   
After conclusion of the 10-week intervention, post-testing was initiated in order to 
evaluate changes in consumption of fruits, vegetables, antioxidants as well as changes in 
biomarkers of inflammation and oxidative stress. Intake of fruits, vegetables, and antioxidants 
was again assessed using three-day food records.  
Biochemical Analysis 
Once all samples were collected, samples were slowly thawed to room temperature and 
plasma concentrations of CRP and TNF-α were measured using Enzyme Linked- Immuno-
Sorbent Assay (ELISA) kits. Oxidative stress was measured using a thiobarbituric acid reactive 
substances (TBARS) kit. All standards and samples were run in duplicate for the CRP and TNF-
α assays and in triplicate for the TBARS assay.  
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CRP concentration was measured using a human C-reactive protein ELISA kit (Cayman 
Chemical Company, catalog number 10011236, Ann Arbor, MI). Measurement of CRP 
concentration involved adding 100 µL of standard or sample to wells of a microtiter plate, 
incubating for 60 minutes at room temperature on an orbital shaker (MTS 2/4 D S1, IKA
®
 
Works, Inc., Wilmington, NC), and then washing four times and removing any moisture from the 
plate. Anti-CRP conjugate (100 µL) was then added to each well, incubated for 30 minutes at 
room temperature on an orbital shaker, and then washed four times. Following washing and 
removal of moisture, 100 µL of CRP tetramethylbenzidine (TMB) substrate solution was added 
to each well and incubated on an orbital shaker for 15 minutes at room temperature in the dark. 
Following incubation, 100 µL of CRP horseradish peroxidase (HRP) stop solution was added to 
each well to stop the reaction. Plates were then read by a microtiter plate reader (ELx 808 IU, 
Bio-Tek Instruments, Inc., Winooski, VT) at 550 nm. Results were expressed as pg CRP/mL and 
then converted to mg CRP/L.  
Tumor Necrosis Factor-Alpha was measured with a human TNF-α UltraSensitive (US) 
ELISA Kit (Invitrogen Corporation, Catalog number KHC3013, Camarillo, CA). For this assay, 
50 µL of buffered protein base containing 8 mM sodium azide, 100 µL of each standard or 
sample, and 50 µL of human TNF-α US biotin conjugate were pipetted into each well, incubated 
for two hours at 37 degrees C, and then aspirated and washed four times. Following washes, 100 
µL of streptavidin-HRP working solution was added to each well, incubated for 30 minutes at 
room temperature, and washed four times. Following washes, 100 µL of stabilized chromogen 
TMB was added to each well and incubated for 30 minutes at room temperature in the dark. 
Finally, 100 µL of stop solution was added to stop the reaction. Plates were read at 550 nm and 
results expressed as pg TNF/mL. 
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Concentration of lipid peroxides in plasma, which is an indicator of oxidative stress, was 
determined using a TBARS kit. For this assay, 100 µL of each standard or sample and 100 µL of 
sodium dodecyl sulfate were mixed in 5 mL vials. Color reagent (4 mL), containing 
thiobarbituric acid, acetic acid, and sodium hydroxide, was added to each vial and vortexed. 
Vials were then incubated in 95 degree C water bath for 65 minutes and then immediately 
transferred to an ice bath to stop the reaction. Following incubation in the ice bath for 10 
minutes, vials were centrifuged for 15 minutes at 3,000 RPMs at 4 degrees C. Finally, 150 µL of 
each standard or sample were pipetted onto a microtiter plate and read at 550 nm. Results 
reflected the concentration of malondialdehyde (MDA), which is a byproduct of lipid 
peroxidation (Yagi, 1998). Results were expressed as MDA equivalent content (nmol MDA/mL 
plasma), with higher values indicating a higher degree of oxidative stress.    
Statistical Analysis 
 All statistical analyses were performed using PASW version 18.0 (SPSS Inc., Chicago, 
IL). Chi square analyses were used to assess differences among intervention groups in regard to 
demographics. Descriptive statistics, including frequencies, means, standard error of the mean, 
and standard deviations were generated for all participants completing both pre-test and post-test. 
Paired sample t-tests were used to evaluate mean differences in weight, BMI, CRP, TNF-α, and 
TBARS concentrations from pre-test to post-test for all participants and within the three groups: 
control, nutrition education, and fruit and vegetable. Pearson correlation analysis was then used 
to evaluate relationships between changes in fruit and vegetable consumption and changes in 
biomarkers of inflammation and oxidative stress from pre-test to post-test. Finally, one-way 
ANOVA analyses were used to test the hypothesis that nutrition education about antioxidant 
properties and content of fruits and vegetables with and without provision of fruits and 
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vegetables had a differential effect on CRP, TNF-α, and TBARS concentrations from pre-test to 
post-test compared to no intervention (control group). An alpha level of < .05 was selected to 
indicate statistical significance.  
Results  
Baseline characteristics for all participants are depicted in Table 24. Participants were 
predominantly female (66.0%), white (91.5%), married or partnered (78.7%), and reported an 
annual household income in the range of $50,000-$99,999 (44.7%). Chi square tests for 
independence did not indicate differences in proportions in regard to gender (male, female), 
ethnicity (white, non-white), relationship status (married, other), or reported annual household 
income (<$39,999, >$40,000) between treatment groups. The mean BMI among all participants 
at pre-test was 32.7 kg/m
2
. Results of paired sample t-tests indicated no significant differences in 
weight and BMI from pre-test to post-test (data not shown).  
Changes in use of anti-inflammatory medications from pre-test to post-test were 
accounted for and plasma concentrations beyond two standard deviations above or below the 
mean were eliminated prior to data analysis. One-way ANOVAs indicated no significant 
differences in antioxidant consumption or concentrations of CRP, TNF-α, or TBARS between 
intervention groups at pre-test.  
Results of paired sample t-tests indicated significant mean differences in biomarkers of 
inflammation and oxidative stress from pre-test to post-test (Table 25). Among all participants, 
mean TNF-α concentration decreased to an undetectable concentration at post-test. No 
significant differences in plasma TBARS concentrations from pre-test to post-test were indicated 
among control, education, or fruit and vegetable group participants. While differences in CRP 
concentrations between pre-test to post-test were not significantly different for participants in
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Table 24 
Characteristics of Study Participants 
 
 
Characteristic 
Total  
sample  
(N = 47) 
Control  
group  
(n = 8) 
Education  
group  
(n = 15) 
Fruit and Vegetable 
group 
(n = 24) 
 N n n n 
Gender      
 Male 16 5 6 5 
 Female 31 3 9 19 
Ethnicity      
 White 43 6 15 22 
 Asian 3 2 0 1 
 Latin American 1 0 0 1 
Marital status      
 Single 5 1 1 3 
 Married/Partnered 37 6 12 19 
 Divorced 4 1 1 2 
 Widowed 1 0 1 0 
Education completed     
 High school/GED 2 0 2 0 
 Some college 5 2 1 2 
 2-year college degree 5 0 2 3 
 4-year college degree 16 2 5 9 
 Master‟s degree 12 2 4 6 
 Professional/Doctoral degree 7 2 1 4 
Annual household income      
 $10,000-$49,999 15 2 4 9 
 $50,000-$99,999 21 4 8 9 
 $100,000-$149,999 10 2 2 6 
 More than $150,000 1 0 1 0 
Age (y, mean ± S.D.) 45.9 ± 11.8 42.1 ± 14.2 47.7 ± 10.7 46.0 ± 11.9 
Note. y = years; S.D. = standard deviation. 
 
 
1
5
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Table 25 
Mean Concentrations of Biomarkers of Inflammation and Oxidative Stress 
 
Variable Name  
and Description 
Control  
group  
(n = 5) 
Education  
group  
(n = 12) 
Fruit and Vegetable  
group 
(n = 20) 
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
CRPa (N = 35b)    
 Pre  4.34 ± 2.60 .98 2.34 ± 2.25 .73 2.89 ± 3.61 .07 
 Post 4.31 ± 2.31 2.11 ± 2.63 1.52 ± 1.48 
TNF-αc (N = 37)    
 Pre 5.90 ± 2.78 N/A 5.14 ± 3.04 N/A 5.94 ± 2.96 N/A 
 Post undetectable undetectable undetectable 
TBARSd (N = 37)    
 Pre 13.09 ± 3.67 .09 16.54 ± 11.04 .13 13.63 ± 5.13 .07 
 Post 7.94 ± 4.34 11.71 ± 8.95 10.56 ± 6.33 
Note. CRP = C-reactive protein; TNF-α = tumor necrosis factor-alpha; TBARS = thiobarbituric acid reactive substances (measured 
as malondialdehyde equivalents); S.D. = standard deviation; N/A = not applicable. 
amilligrams per liter. 
bDifference in total sample size due to two outliers being eliminated from fruit and vegetable group.  
cpicograms per milliliter. 
dnanomoles per milliliter. 
1
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any of the intervention groups, the largest decrease was observed among fruit and vegetable 
group participants, t(21) = -1.96, p = .07. 
Changes in consumption of fruits and vegetables were indicated by participants‟ three-
day food records (Table 26). Results of paired sample t-tests indicated a significant increase in 
consumption of fruit from pre-test to post-test was observed among fruit and vegetable group 
participants, t(22) = 2.69, p = .01. In addition, results showed a significant mean decrease in the 
number of fruit servings consumed from pre-test to post-test for control group participants, t(8) = 
-2.89, p = .02. An increase in fruit servings consumed at post-test compared to pre-test was also 
noted among education group participants but this increase did not represent a significant 
difference, t(14) = 1.72, p = .11. Similarly, no significant differences in vegetable consumption 
existed from pre-test to post-test for participants in any of the intervention groups. Vegetable 
consumption was the same for control group participants, decreased by 0.3 serving among 
education group participants, and increased by 0.4 serving among participants in the fruit and 
vegetable group.  
Mean amounts of beta carotene, vitamin C, vitamin E, and selenium consumed at pre-test 
and post-test are depicted in Table 27. Results of paired sample t-tests failed to indicate 
significant mean differences in antioxidant consumption from pre-test to post-test among the 
total sample and the different intervention groups. Despite absence of significant differences, a 
consistent increase in consumption of beta carotene from pre-test to post-test was observed 
among all groups. In fact, increased consumption of beta carotene among fruit and vegetable 
group participants trended towards significance, t(22) = 2.04, p = .05. However, changes in 
consumption of other antioxidants among the different intervention groups were inconsistent. 
Increases in vitamin C consumption were indicated among participants in the control and fruit
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Table 26 
Mean Servings of Fruits and Vegetables Consumed at Pre-Test and Post-Test 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group  
(n = 15) 
Fruit and Vegetable  
group 
(n = 23) 
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Total fruits (svgs)     
 Pre 1.4 ± 1.0 .02* 1.2 ± 1.0 .11 1.5 ± 1.1 .01* 
 Post .8 ± .7 1.5 ± 1.1 2.2 ± 1.0 
Total vegetables (svgs)    
 Pre 1.4 ± .8 .98 1.8 ± 1.1 .20 1.6 ± .8 .13 
 Post 1.4 ± .7 1.5 ± .8 2.0 ± 1.0 
Note. svgs = servings; S.D. = standard deviation. 
Mean number of servings consumed was derived from average consumption as recorded on three-day food records. Three-day 
food record data were analyzed using The Food Processor® (ESHA Research, Salam, OR).  
*Indicates significant mean difference from pre-test to post-test.  
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Table 27 
Mean Consumption of Antioxidants at Pre-Test and Post-Test 
 
Variable Name  
and Description 
Control  
group  
(n = 9) 
Education  
group  
(n = 15) 
Fruit and Vegetable  
group 
(n = 23) 
 Mean ± S.D. p value Mean ± S.D. p value Mean ± S.D. p value 
Beta Carotene (µg)    
 Pre 1351.1 ± 1945.3 .54 1788.2 ± 2826.5 .59 2101.8 ± 1863.6 .05^ 
 Post 2226.1 ± 2998.8 2358.5 ± 3149.6 3731.9 ± 3486.6 
Vitamin C (mg)    
 Pre 56.6 ± 35.1 .29 103.5 ± 93.5 .64 90.5 ± 66.7 .10 
 Post 80.8 ± 64.6 90.7 ± 57.6 115.0 ± 52.0 
Vitamin E (mg)    
 Pre 4.9 ± 4.9 .82 5.7 ± 4.9 .18 4.2 ± 3.4 .64 
 Post 5.1 ± 6.3 4.7 ± 5.3 3.9 ± 2.8 
Selenium (µg)    
 Pre 70.2 ± 31.3 .62 59.4 ± 22.8 .53 61.7 ± 32.5 .33 
 Post 80.7 ± 44.4 53.8 ± 33.4 54.6 ± 27.5 
Note. IU = International units; µg = micrograms; mg = milligrams; S.D. = standard deviation. 
Mean consumption of antioxidants was derived from average consumption as recorded on three-day food records. Three-day food record 
data were analyzed using The Food Processor® (ESHA Research, Salam, OR).  
^Indicates trend towards a significant mean difference from pre-test to post-test. 
1
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and vegetable group but not in the education group. Consumption of vitamin E and selenium 
increased among control group participants but decreased among education and fruit and 
vegetable group participants.  
Pearson correlation analyses were conducted to evaluate relationships between changes in 
fruit and vegetable consumption and changes in antioxidant consumption and biomarkers of 
inflammation and oxidative stress (Table 28). Results indicated a medium positive correlation 
between a change in vegetable consumption and change in beta carotene intake (r = .43, p = .00). 
However, no other correlations between changes in consumption of fruits, vegetables, or 
antioxidants were noted. In addition, no significant relationships were indicated between changes 
in fruit, vegetable, or antioxidant consumption and changes in concentrations of CRP, TNF-α, or 
TBARS.  
Finally, one-way ANOVAs were conducted to evaluate differences in biomarkers of 
inflammation and oxidative stress from pre-test to post-test between the intervention groups. The 
independent variable, intervention group, included three levels: control, education, and fruit and 
vegetable. The dependent variables were the changes in CRP, TNF-α, and TBARS 
concentrations from pre-test to post-test. No significant differences between the three 
intervention groups were noted regarding changes in CRP, TNF-α, or TBARS concentrations 
over time.  
Discussion 
Previous research has noted associations between overweight and obesity and increased 
inflammation and oxidative stress (Nguyen et al., 2009; Stienstra et al., 2007). Specifically, 
excess fat tissue has been shown to contribute to metabolic disruptions that promote 
accumulation of free radicals, which leads to oxidative damage and inflammation (Federico et 
160 
 
Table 28 
 
Correlations Among Changes in Fruit and Vegetable Consumption, Antioxidant Consumption, and 
Biomarkers of Inflammation and Oxidative Stress 
Variable 1 2 3 4 5 6 7 8 9 
1. Total fruits --- .21 .17 .18 -.26 -.09 -.14 .10 .06 
2. Total vegetables  --- .43* .21 .15 .19 -.10 .19 .09 
3. Beta carotene   --- .01 .06 .08 -.26 .31 .11 
4. Vitamin C    --- .15 -.10 -.20 .32 -.05 
5. Vitamin E     --- .12 -.28 -.10 -.02 
6. Selenium      --- .14 .26 -.00 
7. CRP       --- .13 .06 
8. TNF-α        --- -.08 
9. TBARS         --- 
Note. CRP = C-reactive protein; TNF-α = tumor necrosis alpha; TBARS = thiobarbituric acid reactive substances 
*Indicates a significant correlation (p < .05). 
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al., 2010; Marinou et al., 2010; Viera et al., 2009). Elevated plasma concentrations of CRP and 
TNF-α are indicators of inflammation while an elevated plasma TBARS concentration is an 
indicator of oxidative stress. Normal ranges of CRP include 0.0 to 3.0 mg/L with a concentration 
between 1.0 and 3.0 mg/L being indicative of moderate cardiovascular disease risk (Pearson et 
al., 2003). TBARS concentration between 1.86-3.94 nmol/mL MDA equivalents is considered 
normal with levels above 3.94 nmol/mL indicating increased oxidative stress (Yagi, 1998).  
This study investigated the effects of a 10-week nutrition education program and 
provision of fruits and vegetables on fruit and vegetable consumption and subsequent changes in 
biomarkers of inflammation and oxidative stress among overweight and obese adults. Results 
indicated that at pre-test, participants‟ were obese, with a mean BMI of 32.7 kg/m2 (World 
Health Organization, 2006), and experiencing a moderate degree of inflammation and high 
degree oxidative stress as evidenced by mean plasma concentrations (CRP = 2.91 mg/L; TNF-α 
= 5.70 pg/mL; TBARS = 14.50 nmol/mL). In addition, participants‟ mean weekly consumption 
of fruits and vegetables was below the current recommendations to consume five or more 
servings each day (CDC, 2010, September 10). Inadequate consumption of fruits and vegetables 
is particularly concerning because research has demonstrated that consumption of fruits and 
vegetables has been associated with improved antioxidant consumption (Chun et al., 2010). 
Adequate consumption of antioxidants, which include beta carotene, vitamin C, vitamin E, and 
selenium, has been associated with a reduction in both inflammation and oxidative stress (Jones 
& DeLong, 2000; McAnulty et al., 2010; Sureda et al., 2008; Vertuani et al., 2004).  
Increased consumption of fruits, but not vegetables, was indicated among participants 
who received nutrition education and samples of fruits and vegetables. Alternatively, a decrease 
in fruit consumption from pre-test to post-test was noted among control group participants. In 
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addition, increases in vegetable intake were only noted among participants in the fruit and 
vegetable group. These findings suggest that provision of fruits and vegetables was effective at 
increasing fruit and vegetable consumption. This is the first study to examine the effects of 
providing fruits and vegetables on consumption patterns of overweight and obese adults. 
However, availability and exposure to fruits and vegetables have been previously identified as 
possible determinants of fruit and vegetable consumption (Kidd & Peters, 2010; Powell, 
Kazlauskaite, Shima, & Appelhans, 2010). 
While changes in vegetable consumption were related to change in beta carotene intake, 
it was not related to changes in intake of other antioxidants. Similarly, consumption of fruits was 
not associated with changes in antioxidant consumption. These findings are in opposition to 
existing literature that identifies fruits and vegetables as key sources of antioxidants, including 
vitamin C and beta carotene, in the diet (Chun et al., 2010). A possible explanation for these 
findings is that participants‟ consumption of fruits (M = 1.7 servings) and vegetables (M = 1.7 
servings) was below the recommended two or more servings of fruits and three or more servings 
of vegetables daily. Failure to consume an adequate quantity of fruits and vegetables may have 
hindered participants‟ consumption of antioxidants. In addition, consumption of other sources of 
antioxidants, including whole grains and vegetable oil (vitamin E), may have contributed to 
changes in antioxidant consumption more so than intake of fruits and vegetables.  
Since minimal changes in fruit, vegetable, and antioxidant consumption from pre-test to 
post-test were observed, relationships between these variables and changes in CRP, TNF-α, and 
TBARS concentrations were not expected nor indicated following correlation analyses. 
Alternatively, changes in concentrations of CRP, TNF-α, and TBARS over time and among 
different intervention groups were noted, despite absence of significant weight changes.  
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Concentrations of TNF-α in all groups were undetectable at post-test, meaning all concentrations 
were below the minimum detectable concentration (.009 pg/mL) of the ELISA kit used. 
Decreases in concentrations of CRP were greatest among participants in the fruit and vegetable 
group, which suggests a possible benefit of provision of fruits and vegetables on decreased 
inflammation. Previous research has suggested associations between dietary fiber (Hermsdorff et 
al., 2010), omega-3 fatty acids (McAnulty et al., 2010), and reductions in markers of 
inflammation. While intake of these dietary components was not a focus of the present study, 
potential of these factors to impact markers of inflammation did exist.  
Similar outcomes were observed in regard to oxidative stress. Trends toward a significant 
decrease in TBARS concentration were noted among fruit and vegetable and control group 
participants more so than education group participants. While a significant relationship was not 
observed, increased consumption of vitamin C among these two groups compared to decreased 
consumption among the education group serves as a possible explanation for these results. As an 
antioxidant, vitamin C is especially effective at protecting against lipid peroxidation (Bender & 
Mayes, 2003; Jones & DeLong, 2000) and thus, helps to explain why decreased concentrations 
of TBARS were observed among the groups with higher vitamin C consumption.  
While changes in CRP, TNF-α, and TBARS concentrations were observed from pre-test 
to post-test, these changes were not significantly different among participants who received the 
intervention compared to those who did not. These findings are contradictory to literature 
indicating associations between increased fruit and vegetable consumption and improvements in 
biomarkers of inflammation and oxidative stress (Hermsdorff et al., 2010; Polidori et al., 2009; 
Talegawkar et al., 2009). A possible reason for lack of differences between participants in the 
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education and fruit and vegetable groups and those in the control group may be due to the 
unequal sizes of the intervention groups and subsequent lack of statistical power.  
Limitations 
Potential limitations to the present study included the use of a convenience sample, 
presence of potential confounding variables, small sample size, and absence of follow-up. First, 
recruiting a convenience sample may have limited the generalizability of the results. Second, 
while use of anti-inflammatory medications was controlled for, dietary components other than 
antioxidants were not accounted for and may have impacted the results. Third, dietary intake was 
assessed using three-day food records, which may or may not have represented typical 
consumption patterns. Fourth, the final control group sample size fell short of the required 16 
participants needed to detect statistical significant according to an 80% power calculation. This 
was due to purposeful inclusion of more participants in the education and fruit and vegetable 
groups compared to the control group in anticipation of attrition. Because of this, the final 
number of participants in the control group was below the required sample size, which may have 
prevented detection of significant differences. Fifth, concentrations of TNF-α at post-test were 
below the specificity of the ELISA kit used and therefore, undetectable. This prevented 
evaluation of changes from pre-test to post-test and among the different intervention groups. A 
possible solution would be to measure TNF-α expression by immunoblotting techniques or gene 
expression instead of ELISA. Sixth, follow-up data on fruit, vegetable, antioxidant consumption, 
and plasma concentrations of CRP, TNF-α, and TBARS were not collected. Therefore, it is 
unknown if changes in consumption of fruits, vegetables, antioxidants, and biomarkers of 
inflammation and oxidative stress were maintained following the conclusion of the study.  
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Conclusion 
Participants in the present study were obese and experiencing inflammation and oxidative 
stress, which contributed to increased disease risk. Findings of the present study indicated that 
changes in consumption of fruits, vegetables, and antioxidants among participants were 
minimally associated with improvements in biomarkers of inflammation and oxidative stress. 
Also, other factors such as changes in anthropometrics, physical activity, and macronutrient 
intake may have impacted these measures (Desroches et al., 2006; Rankin & Turpyn, 2007; van 
Dijk et al., 2008). Despite the present findings, evidence suggests that a balanced diet, including 
antioxidant-rich fruits and vegetables, is beneficial in helping individuals maintain adequate 
antioxidant concentrations in order to aid in the prevention and regulation of inflammation and 
oxidative stress (Chun et al., 2010; Quadir & Akhtar-Danesh, 2010). Therefore, adequate and 
varied consumption of fruits and vegetables is recommended.  
Results of the present study highlight a need for additional research, including long-term 
studies, evaluating the effects of nutrition education interventions with provision of fruits and 
vegetables on changes in consumption of fruits, vegetables, antioxidants, and biomarkers of 
inflammation and oxidative stress in overweight and obese adults. Previous research suggests 
that improvements in fruit and vegetable consumption could potentially contribute to improved 
antioxidant intake, reduced inflammation and oxidative stress, and ultimately decreased disease 
risk in overweight and obese adults. Therefore, additional research that controls for confounding 
variables and includes long-term follow-up is warranted.  
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GENERAL CONCLUSIONS 
The objectives of this study were to examine the effects of nutrition education and fruit 
and vegetable consumption on interest and knowledge related to antioxidants; consumption 
patterns; weight, body mass index (BMI), body composition, blood lipids, and blood glucose; 
and biomarkers of oxidative stress and inflammation. Findings of this research support the first 
two hypotheses, which stated that over 50% of participants in the education and fruit and 
vegetable groups would express interest in learning about antioxidants and that there would be a 
significant increase in the number of education and fruit and vegetable group participants who 
correctly answered knowledge-based questions about antioxidants at the conclusion of the 
intervention. The majority of participants expressed interest in receiving information about 
antioxidants. In addition, increased knowledge and improved attitudes regarding fruit and 
vegetable consumption were indicated, particularly among those who received nutrition 
education. These changes in knowledge and attitudes contributed to positive changes in behavior 
among participants, including following a healthier diet, replacing energy-dense, nutrient-poor 
foods with fruits and vegetables, and increasing overall intake of fruits and vegetables.  
In regard to consumption, it was hypothesized that there would be significant increases in 
fruit, vegetable, and antioxidant consumption among fruit and vegetable group participants but 
not education or control group participants. Results indicated that the nutrition education 
intervention was helpful in improving participants‟ consumption of fruits and vegetables, 
including those rich in antioxidants. However, provision of fruits and vegetables, while intended 
to help reduce barriers to consumption, had limited impact in increasing fruit and vegetable 
consumption. Increases in fruit, vegetable, and antioxidant consumption were also noted among 
participants in the education group.  
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The absence of significant changes in anthropometric measurements among participants 
over the course of the study confirms the hypothesis that no significant changes in BMI and body 
composition would occur from pre-test to post-test. In addition, no significant changes in total 
cholesterol were indicated among participants in the fruit and vegetable group, thereby 
confirming the hypothesis that a change in total cholesterol would not occur. However, decreases 
were observed in all groups culminating in a significant mean decrease in total cholesterol for the 
total sample. Despite minimal changes in anthropometrics and blood lipids from pre-test to post-
test, associations between increased fruit and vegetable consumption and improvements in 
biomarkers of chronic disease were noted, particularly among those who received nutrition 
education.  
Finally, it was hypothesized that there would be significant decreases in markers of 
inflammation in fruit and vegetable group participants but not in control and education group 
participants. While not significant, a decrease in inflammatory biomarkers was indicated among 
all participants with the greatest reduction observed among fruit and vegetable participants. 
However, findings indicated that changes in consumption of fruits, vegetables, and antioxidants 
were minimally associated with improvements in biomarkers of inflammation and oxidative 
stress.  
Overall, findings suggest that community-based nutrition education is beneficial in 
improving fruit and vegetable-related knowledge, attitudes, and behaviors, including increased 
consumption. However, provision of fruits and vegetables, while intended to help reduce barriers 
to consumption, had limited impact on fruit and vegetable intake and subsequent changes in 
biomarkers of chronic disease.  
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Implications and Suggestions for Future Research 
These findings add to the literature examining the effects of nutrition education and fruit, 
vegetable, and antioxidant consumption on risk factors of chronic disease. Specifically, findings 
from this study can be used to develop future interventions aimed at reducing chronic disease 
risk factors among overweight and obese adults. In order to be most effective, it is recommended 
that future interventions include an education component that thoroughly addresses participants‟ 
fruit and vegetable-related knowledge and attitudes and provides exposure to fruits and 
vegetables. Such exposure may include cooking demonstrations and taste-testing. Also, efforts to 
increase consumption should focus on encouraging intake of a variety of fruits and vegetables, 
particularly those with the highest antioxidant content. In addition to encouraging adequate 
consumption of antioxidant-rich fruits and vegetables, it is necessary to emphasize management 
of overall energy intake, including decreased consumption of high-energy, nutrient poor foods.  
The methodology for this study was deemed to be sound and is recommended for future 
research. Suggested modifications include recruiting a larger sample and including participants 
of lower socioeconomic status. It is also necessary to note the substantial costs that were 
associated with this study. Expenses included the cost of weekly fruit and vegetable samples, 
printing of handouts and study-related materials, blood draws and analyses, laboratory assay kits, 
as well as other laboratory supplies. Financial assistance was required for this study, sought out, 
and received in the form of scholarships and grants. Duplication of this study would require 
access to a substantial funding source(s). 
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APPENDIX B. INSTITUTIONAL BIOSAFETY COMMITTEE APPROVAL LETTER 
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APPENDIX C. PARTICIPANT RECRUITMENT FLYER 
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APPENDIX D. PARTICIPANT RECRUITMENT BULLETIN/EMAIL 
 
 
 
 
 
We are seeking individuals (18 years of age or older) from the Fargo-Moorhead 
community to participate in a research study. The program is being conducted by 
Meredith Wagner, MS, RD, LRD and Yeong Rhee, PhD, RD in the Health, 
Nutrition, and Exercise Sciences Department at North Dakota State University. 
Participation involves a 14-week research study where nutrition education, blood 
lipid profiles (total cholesterol, high density lipoprotein (“good” cholesterol), low 
density lipoprotein (“bad” cholesterol), triglycerides (amount of fat floating around 
in your blood), and blood glucose (blood sugar)), and samples of fresh, frozen, or 
canned fruits and vegetables may be provided to participants. We are specifically 
interested in demonstrating how consumption of fruits and vegetables can 
influence oxidative stress and inflammation in the body. Oxidative stress is an 
imbalance in the production of molecules that damage the body. Inflammation is a 
reaction of the immune system to cell damage. Individuals who are overweight and 
do not have a history of bariatric surgery (e.g., stomach stapling, stomach 
banding), do not currently smoke, and are not pregnant/lactating are invited to 
participate. The protocol for this research study has been reviewed and approved 
by the NDSU Institutional Review Board. If you are interested in participating, 
please contact Meredith Wagner (Email: meredith.stromsborg@my.ndsu.edu; 
Phone: 701-269-2164 or 701-231-9615) to schedule an informational meeting.  
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APPENDIX F. CONSENT FORM 
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APPENDIX G. INSTRUCTIONS FOR BLOOD DRAW 
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APPENDIX H. PRE-TEST HEALTH HISTORY QUESTIONNAIRE 
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APPENDIX I. PRE-TEST FOOD FREQUENCY QUESTIONNAIRE 
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APPENDIX J. KNOWLEDGE AND PERCEPTIONS QUESTIONNAIRE 
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APPENDIX K. THREE-DAY FOOD RECORD 
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APPENDIX L. POST-TEST HEALTH HISTORY QUESTIONNAIRE 
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APPENDIX M. POST-TEST FOOD FREQUENCY QUESTIONNAIRE 
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APPENDIX N. NUTRITION EDUCATION EVALUATION 
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Week Fruits Quantity 
Provided 
Vegetables Quantity 
Provided 
1 Apple (fresh) 1 medium Corn (frozen) 3 cobs 
Nectarine (fresh) 2 medium Bell Pepper (fresh) 1 pepper 
Strawberries (frozen) 2 cups Romaine Lettuce (fresh) 9 cups 
Cantaloupe (fresh) ½ melon   
    
2 Strawberries (frozen) 4 cups Mixed Vegetables (frozen) 1 bag 
Blueberries (frozen) 1 cup Corn (frozen) 1 cob 
Peach (fresh) 1 medium Cucumber (fresh) 1 cucumber 
Apple (fresh) 1 medium Tomato (fresh) 1 medium 
    
3 Grapefruit (fresh) 1 grapefruit Sweet Potato (fresh) 1 potato 
Orange (fresh) 3 medium Green Peas (canned) 2 cans 
 Pear (fresh) 1 medium Baby Carrots (fresh) 1 bag 
Apple (fresh) 1 medium   
    
4 Pineapple (canned) 1 can Tomato (canned) 2 cans  
Apple (fresh) 2 medium Black Beans (canned) 1 can 
  Potato (fresh) 1 potato 
  Onion (fresh) 1 medium 
  Roma Tomato (fresh) 2 tomatoes 
    
5 Peach (canned) 1 can Broccoli and Cauliflower (frozen) 1 bag 
Mandarin Oranges (canned) 1 can Green Beans (canned) 1 can 
Kiwi (fresh) 2 kiwi Potato (fresh) 1 medium 
    
6 Green Grapes (fresh) 2 cups Spinach (fresh) 9 cups 
Applesauce 3 containers Cucumber (fresh) 1 cucumber 
  Corn (canned) 1 can 
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7 Banana (fresh) 3 large Stir-fry Blend Vegetables (frozen) 1 bag 
Orange (fresh) 1 medium Green Beans (canned) 1 can 
  Potato (fresh) 1 medium 
    
8 Red Grapes (fresh) 2 cups Tomato Pasta Sauce  1 jar 
Applesauce 3 containers Baby Carrots (fresh) 1 bag 
  Acorn Squash (fresh) 1 squash 
    
9 Pineapple (canned) 1 can Garbanzo Beans (canned) 1 can 
Banana (fresh) 1 large Great Northern Beans (canned) 1 can 
  Kidney Beans (canned) 1 can 
  Cucumber (fresh) 1 cucumber 
  Green Bell Pepper (fresh) 1 pepper 
    
10 Strawberries (frozen) 3 cups Tomato (canned) 2 cans 
Apple (fresh) 4 medium Onion (fresh) 2 medium 
  Garlic (fresh) 2 cloves 
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APPENDIX P. FRUIT AND VEGETABLE SAMPLE TRACKER FORM  
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Lesson Dates    Topic    Fruit/Vegetable     
 
1  September 19-23  Introduction   F=Apples, Nectarines, Strawberries, Melons 
           V=Corn, Bell Peppers, Lettuce 
 
------------------------------------------------------------------------------------------------------------------------- ------------------------ 
2  September 26-30  Berries    F=Strawberries, Blueberries, Peaches, Apples 
V=Mixed Vegetables, Corn, Cucumbers,  
Tomatoes 
 
----------------------------------------------------------------------------------------------------------------------------- -------------------- 
3  October 3-7   Citrus Fruits   F=Oranges, Grapefruit, Pears, Apples 
   DEMO - Quick Fruit Salad     V=Sweet Potatoes, Green Peas, Baby Carrots 
 
------------------------------------------------------------------------------------------------------------------------- ------------------------ 
4  October 10-14   Tomatoes   F= Pineapple, Apples 
                                                                                                               V=Tomatoes, Black Beans, Potatoes, Onions 
 
------------------------------------------------------------------------------------------------------------------------------------------------- 
5  October 17-21   Canned and Frozen F/V F=Peaches, Mandarin Oranges, Kiwi 
V=Green Beans, Broccoli, Cauliflower,  
Potatoes 
 
------------------------------------------------------------------------------------------------------------------------- ------------------------ 
6  October 24-28   Leafy Greens   F=Green Grapes, Applesauce 
   DEMO - Spinach/Orange/Poppyseed Salad   V=Spinach, Cucumbers, Corn 
 
------------------------------------------------------------------------------------------------------------------------- ------------------------ 
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Lesson Dates    Topic    Fruit/Vegetable     
7  Oct 31-Nov 4   Cruciferous Vegetables F=Bananas, Oranges 
V=Stir-fry Blend Vegetables, Green Beans,  
Potatoes 
----------------------------------------------------------------------------------------------------------------------------- -------------------- 
 
 
8   November 7-11  Squash and Pumpkin  F=Red Grapes, Applesauce 
V=Tomato Pasta Sauce, Baby Carrots, Acorn  
Squash 
 
------------------------------------------------------------------------------------------------------------------------- ------------------------ 
9   November 14-18  Beans    F= Pineapple, Bananas 
DEMO – Black Bean Dip                                                      V=Garbanzo Beans, Great Northern Beans,  
Kidney Beans, Cucumbers, Bell Peppers 
 
------------------------------------------------------------------------------------------------------------------------------------------------- 
10  November 28-Dec 2  Garlic and Onions  F=Strawberries, Apples 
   DEMO – Salsa      V=Tomatoes, Onions, Garlic 
                          
------------------------------------------------------------------------------------------------------------------------- ------------------------
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APPENDIX R. LESSION 1: INTRODUCTION – LESSON PLAN  
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APPENDIX S. LESSON 1: INTRODUCTION – HANDOUTS  
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APPENDIX T.  LESSON 1: INTRODUCTION – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Garden Vegetable Slaw 
2 cups shredded cabbage  2 tsp Dijon-style mustard 
½ cup raw broccoli florets  2 Tbsp olive oil 
 ¼ cup chopped celery  2 Tbsp vinegar 
½ cup cherry tomatoes  1 tsp garlic powder  
1. Combine cabbage, broccoli, celery and tomatoes in a large serving 
bowl.  
 
2. Wisk together oil, vinegar, mustard and garlic powder in small 
bowl.  Pour over vegetables and stir to mix well.  Refrigerate 
before serving to allow flavors to blend.  Makes 4 servings. 
 
Nutrition Facts per serving (serving size = about ¾ cup) 
Calories    79 
Total fat    7 grams 
Total carbohydrate   5 grams 
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APPENDIX U. LESSON 2: BERRIES – LESSON PLAN 
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APPENDIX V. LESSON 2: BERRIES – HANDOUTS  
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APPENDIX W. LESSON 2: BERRIES – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fruit and Juice Breakfast Shake 
 1 banana, peeled   ¾ cup orange juice* 
½ cup low-fat vanilla yogurt  ½ cup fresh or frozen blueberries 
                                                                                or strawberries 
1. Break banana into small pieces and place in a blender container.  
2. Add orange juice, yogurt, and berries to blender.  Place lid on blender container 
and blend on medium speed until smooth.  Serve immediately.  Makes 2 
servings. 
*Can substitute pineapple or purple grape juice for orange juice. 
Nutrition Facts per serving (serving size = 1 cup) 
Calories    168 
Total fat    1 gram 
Total carbohydrate  35 grams 
Adapted from AboutProduce.Com, www.aboutproduce.com/recipes 
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APPENDIX X. LESSON 3: CITRUS FRUITS – LESSON PLAN 
 
 
253 
 
 
 
 
254 
 
 
 
 
255 
 
 
 
 
256 
 
 
 
 
257 
 
 
 
 
258 
 
APPENDIX Y. LESSON 3: CITRUS FRUITS – HANDOUTS  
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APPENDIX Z. LESSON 3: CITRUS FRUITS – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Candace’s Fruit Delight 
2 Tbsp honey   2 ½ cups watermelon cubes 
3 Tbsp lemon or orange juice ½ cup orange sections 
1 ¼ tsp ground cinnamon  1 cup sliced strawberries 
½ cup halved seedless grapes 
1. Combine honey, lemon juice and cinnamon in a small bowl and mix well.  Cover 
and chill. 
 
2. Meanwhile, combine all the fruit in a medium-serving bowl with lid.  Toss with 
chilled dressing.  Makes 6 servings.   
 
Nutrition Facts per serving (serving size = ¾ cup) 
Calories    67 
Total fat    0 grams 
Total carbohydrate  17 grams 
    Adapted from The New Soul Food Cookbook for People with Diabetes, by F. D. Gaines and R. Weaver. 
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APPENDIX AA. LESSON 4: TOMATOES – LESSON PLAN 
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APPENDIX BB. LESSON 4: TOMATOES – HANDOUTS 
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APPENDIX CC. LESSON 4: TOMATOES – RECIPES 
 
 
 
 
 
 
 
Macaroni, Beef, & Tomato Soup 
½ pound ground beef  3 cans (11 oz) low-sodium tomato soup 
1 medium onion, chopped  4 cups water 
1 small green pepper, chopped 2 tsp lemon juice 
½ tsp dried basil   ½ tsp dried oregano 
4 cups cooked elbow macaroni  
(2 cups uncooked) 
In a large pot over medium-high heat, cook beef, onion and pepper until beef is 
browned.  Pour off fat. 
Add basil, oregano, soup, water, lemon juice and macaroni to beef mixture.  
Reduce heat to low and cook until heated through.  Makes 8 servings. 
 
Nutrition Facts per serving (serving size = about 1.5 cups) 
Calories    190 
Total fat    6 grams 
Total carbohydrate  22 grams 
Recipe adapted from Campbell's at www.campbellkitchen.com/GetRecipe 
Stewed Green Beans and Tomatoes 
1 Tbsp olive oil or canola oil  1 pound green beans, ends off 
1 small onion, diced   2 medium garlic cloves, minced 
salt and group pepper to taste  1 cup diced canned tomatoes 
2 tsp parsley flakes 
1. Heat oil in large skillet over medium heat.  Add onion and cook until softened, 
about 5 minutes.  Add minced garlic and cook 1 minute. 
2. Add tomatoes to skillet and simmer until juices thicken slightly, about 5 minutes. 
3. Add green beans and salt and pepper, if desired.  Stir, then cover and cook, stir 
occasionally.  Cook until green beans are crisp tender, about 20 minutes.  Cook 
an additional 10 minutes if softer green beans are desired.  Stir in parsley when 
done and serve immediately.  Makes 4 servings. 
 
Nutrition Facts per serving (serving size = about ¾ cup) 
Calories    69 
Total fat    3 grams 
Total carbohydrate  10 grams 
Adapted from Cook’s Illustrated, Nov/Dec 1996, www.cooksillustrated.com. 
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APPENDIX DD. LESSON 5: CANNED AND FROZEN VEGETABLES  
AND FRUITS – LESSON PLAN 
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APPENDIX EE. LESSON 5: CANNED AND FROZEN VEGETABLES  
AND FRUITS – HANDOUTS 
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APPENDIX FF. LESSON 5: CANNED AND FROZEN VEGETABLES 
AND FRUITS – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quick Fruit Salad 
     1 can (11 oz) mandarin oranges, drained       1 can (20 oz) pineapple tidbits, drained 
     1 can (10 oz) tropical fruit salad, drained        ½ cup (4 oz) vanilla yogurt 
     2 Tbsp chopped nuts         Dash ground nutmeg or cinnamon 
1. Combine drained, canned fruit in bowl with lid.   
2. Stir in vanilla, chopped nuts, and nutmeg, if desired. 
3. Chill and serve, or serve immediately. 
4. Store leftovers in refrigerator and use within 5 days.  Makes 6 servings.     
 
Serve as dessert with a meal or have as a snack.  Can use any combination of canned, 
drained fruits to make fruit salad.  Choose canned fruits packed in juice or light syrup for 
fewer calories and less added sugar.  Stir in chopped fresh apple or pear to add crunch, if 
desired. 
Nutrition Facts per serving (serving size = about ¾ cup) 
Calories    128 
Total fat    2.3 grams 
Total carbohydrate  28 grams 
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APPENDIX GG. LESSON 6: LEAFY GREENS – LESSON PLAN 
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APPENDIX HH. LESSON 6: LEAFY GREENS – HANDOUTS 
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APPENDIX II. LESSON 6: LEAFY GREENS – RECIPES 
 
 
 
 
 
 
Spinach & Orange Salad 
2 Tbsp chopped pecans   ¼ cup dried cranberries or raisins 
8 cups (10 oz bag) fresh spinach, washed       ½ cup raspberry vinaigrette 
2 oranges, cut in sections, or 2 cans  4 Tbsp shredded cheddar cheese, 
(11 oz) mandarin oranges, drained  optional 
1. Toast pecans in a nonstick skillet over medium heat until lightly browned, about 
3 minutes.  Set aside. 
2. Arrange 2 cups spinach each on 4 plates or salad bowls.  Arrange ½ cup orange 
sections over spinach. 
3. Top each salad with 1-tablespoon cranberries or raisins and 1 tablespoon of 
cheese, if using. 
4. Drizzle vinaigrette over each salad.  Serve immediately.  Makes 4 servings.   
 
Nutrition Facts per serving (serving size = 1 salad/about 2 ½ cups) 
Calories    139 
Total fat    3 grams 
Total carbohydrate  27 grams 
This is an official 5 A Day recipe adapted from NewStar/Ceres Fresh Foods, LLC. 
Braised Greens with Garlic 
Vegetable cooking spray   4 cups chopped, washed greens  
1 Tbsp olive or canola oil   (try kale, collard or spinach) 
¼ tsp red pepper flakes   salt and pepper to taste, optional 
2 cloves garlic, minced   vinegar 
1. Spray large skillet with vegetable cooking spray.  Add olive oil to skillet and heat 
over medium-high heat. 
2. Add red pepper flakes and garlic to heated oil and cook until garlic starts to 
sizzle, about 1 to 2 minutes. 
3. Add greens and cook, stirring frequently, until greens are wilted and tender, 
about 5 minutes. 
4. Season with salt and pepper, if desired, and splash with pepper vinegar or red 
wine vinegar.  Serve immediately.  Makes 4 servings. 
 
Nutrition Facts per serving (serving size = about 3/4 cup) 
Calories    46 
Total fat    4 grams 
Total carbohydrate  4 grams 
Adapted from The Color Code (recipes section), by J.A. Joseph, D.A. Nadeau and A. Underwood. 
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APPENDIX JJ. LESSON 7: CRUCIFEROUS VEGETABLES – LESSON PLAN 
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APPENDIX KK. LESSON 7: CRUCIFEROUS VEGETABLES – HANDOUTS  
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APPENDIX LL. LESSON 7: CRUCIFEROUS VEGETABLES – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cabbage Casserole 
1 pound lean ground beef  ½ cup uncooked rice 
1 medium onion, chopped  1 (8 oz) can tomato sauce 
3 cups shredded cabbage  1 cup water 
1. Heat oven to 350 degrees.  Meanwhile, brown ground beef and onion in skillet 
over medium-high heat until done.  Drain the beef mixture to remove as much 
grease as possible and place in medium baking dish. 
 
2. Spread the shredded cabbage evenly over beef mixture.  Sprinkle rice over 
cabbage and then add the tomato sauce and water. 
 
3. Bake in oven until most of the liquid is absorbed and rice is tender, about 50 
minutes.  Let sit about 5 minutes before serving.   
 
Nutrition Facts per serving (serving size = 1 cup) 
Calories    193 
Total fat    8 grams 
Total carbohydrate  18 grams 
Adapted from The New Soul Food Cookbook for People with Diabetes, by F. D. Gaines & R. Weaver. 
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APPENDIX MM. LESSON 8: SUMMER SQUASHES, WINTER SQUASHES AND 
PUMPKINS – LESSON PLAN 
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APPENDIX NN. LESSON 8: SUMMER SQUASHES, WINTER SQUASHES AND 
PUMPKINS – HANDOUTS 
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APPENDIX OO. LESSON 8: SUMMER SQUASHES, WINTER SQUASHES AND 
PUMPKINS – RECIPES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Squash Casserole 
   Vegetable cooking spray            1 (6 oz) package stuffing mix                 1 Tbsp canola oil    
   1 medium onion, chopped        1 pound yellow squash, sliced                1 large egg 
   1 cup shredded carrots              1 cup (8 oz) reduced-fat sour cream            
   1 cup reduced-sodium chicken broth                                        
1. Preheat oven to 375 F.  Spray a 2-quart casserole dish with vegetable cooking 
spray, set aside.   
2. Heat oil in skillet over medium heat.  Add onion and sauté until softened, about 5 
minutes.  Set aside. 
3. Combine squash and remaining ingredients in large bowl.  Stir in cooked onion, 
mixing well. 
4. Pour mixture into casserole dish.  Bake until mixture is bubbly and lightly browned 
on top, about 30 – 40 minutes.  Makes 8 servings.   
 
Nutrition Facts per serving (serving size = about 1 cup) 
Calories    163 
Total fat    6 grams 
Total carbohydrate  23 grams 
Adapted from Southern-Style Diabetic Cooking by Marti Chitwood, RD, CDE. 
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APPENDIX PP. LESSON 9: BEANS – LESSON PLAN 
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APPENDIX QQ. LESSON 9: BEANS – HANDOUTS  
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APPENDIX RR. LESSON 9: BEANS – RECIPES 
 
 
 
 
 
 
Black Bean Dip 
      1 can (15 oz) black beans, drained                 ½ tsp garlic powder 
      ½ cup creamy salad dressing      1 dash hot pepper sauce, or to taste 
      (such as Miracle Whip)       salt and pepper to taste, optional 
      ½ cup reduced fat sour cream      1 can (4 oz) chopped green chili peppers 
      ¼ cup salsa                            1 tsp chili powder 
      2 Tbsp chopped fresh cilantro or      tortilla chips or cut vegetables  
      parsley (or use 2 tsp dried) 
1. Mash beans with a fork in a medium-mixing bowl. 
2. Add salad dressing, sour cream, green chilies, cilantro or parsley, chili powder, 
garlic powder, hot pepper sauce, salt and pepper if using, and salsa to mashed 
beans.  Mix well and chill. 
3. Serve as a dip with baked or regular tortilla chips and cut vegetables.  Makes at 
least 8 appetizer servings.      
 
Nutrition Facts per serving (serving size = about 1/3 cup) 
Calories    104 
Total fat    4 grams 
Total carbohydrate  13 grams 
© All recipes.com. Adapted and used with permission. 
Vegetarian Bean Stew 
   1 Tbsp canola oil    ¼ tsp ground pepper, optional 1 medium onion, chopped 
   2 cups chopped tomato    2 cloves garlic, minced  2 cups zucchini, sliced 
   1 tsp dried oregano             1/8 tsp salt, optional                        2 cups cooked brown rice 
   ½ cup shredded cheese,     1 cup green bell pepper,                 1 can kidney beans, rinsed 
   cheddar      chopped                                             and drained 
1. Heat oil in a large soup or stockpot.  Sauté onion and garlic in heated oil until 
tender, careful not to burn garlic.  Add zucchini, green pepper, oregano, salt and 
pepper.  Cook for 5 minutes. 
 
2. Add tomato and beans to vegetable mixture.  Cover and cook until thoroughly 
heated, about 15 minutes.  Serve with hot cooked rice and sprinkle with 
shredded cheese.  Makes 6 servings.  
 
Nutrition Facts per serving (serving size = 1 cup stew) 
Calories    219 
Total fat    5 grams 
Total carbohydrate  34 grams 
Adapted from The New Soul Food Cookbook for People with Diabetes by F.D. Gaines and R. Weaver. 
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APPENDIX SS. LESSON 10: GARLIC AND ONIONS – LESSON PLAN 
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APPENDIX UU. LESSON 10: GARLIC AND ONIONS – RECIPES 
 
 
 
 
 
 
 
 
 
 
Salsa 
14.5 oz. diced tomatoes, canned 4 Tbsp cider vinegar 
11.5 oz. tomato juice ½ tsp salt 
2 oz. green pepper, chopped ½ tsp Tabasco sauce 
2 oz. onion, chopped ½ tsp granulated sugar 
dash garlic powder  1/8 tsp cayenne pepper 
2 oz. green chilies, canned 1/8 tsp cumin, ground 
2.5 oz. jalapenos, canned, diced  
  
1. Combine all ingredients in a bowl. 
 
2. Mix well and serve. 
Avocado Salsa 
   1 medium avocado 1 large, ripe tomato ¼ cup finely chopped red onion 
   2 tsp dried cilantro*         2 cloves garlic, minced       ½ tsp ground cumin 
   ½ tsp black pepper           ½ tsp salt, optional              juice of 1 large lime (~2-3 Tbsp)          
1. Combine all ingredients in medium-mixing bowl.  Stir well, but careful not to 
break up vegetable chunks. 
 
2. Chill well before serving to allow flavors to blend.  Serve with tortilla chips, cut 
vegetables or as a topping for salad or other vegetables.  Makes 12 servings. 
 
*May substitute 2 Tbsp fresh chopped cilantro 
 
Nutrition Facts per serving (serving size = about 2 Tbsp) 
Calories    30 
Total fat    2 grams 
Total carbohydrate  2 grams 
